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MALIGNANT lymphoma of the tonsil occurs with sufficient fre- 
quency to merit careful attention and study, particularly as it is 
liable to run a rapid and fatal course. The initial symptoms are 
rather uniform but unless we be on our guard they may not lead 
us to suspect the serious nature of the condition. During the past 
15 vears there have been admitted to the Collis P. Huntington 
Memorial Hospital 236 patients suffering from malignant disease 
of the tonsil—of them 28 (11.89%) were proved by biopsy to be 
malignant lymphoma of one form or another. These statistics are 
in essential agreement with those of New and Childrey'! who found 
14.559 “lymphosarcoma” of the tonsil and nasopharynx among 
357 cases of malignant disease originating in these regions. It 
should be noted, however, that their figures include tumors of the 
nasopharynx, while ours are strictly confined to those arising in the 
tonsillar region. 
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In this paper we present an analysis of these 28 cases, together 
with 9 others personally observed in either private practice or other 
hospital clinics. 

The clinical course of malignant lymphoma of the tonsil varies 
markedly as the following histories indicate. 


Case 1.—A. B. (H. H. 33-307). This 65-year-old married Italian was 
admitted to the hospital on March 13, 1933. The past and family history 
were irrelevant. Three months before admission he noticed a painless lump 
in his throat on swallowing. He experienced no real inconvenience, however, 
until 2 months later when he began to have increasing difficulty in swallow- 
ing and raised from time to time considerable amounts of blood-streaked, 
purulent sputum. These symptoms increased steadily and for the 5 days 
prior to admission it had been virtually impossible for the patient to swallow 
at all. During his illness he had lost 35 pounds, presumably because of 
malnutrition consequent upon dysphagia. There were no other noteworthy 
symptoms. 

Physical examination on admission revealed an emaciated man, occa- 
sionally raising a small amount of bloody sputum. There was moderate 
dyspnea. A firm, reddish, irregular, ulcerated, bleeding mass occupied 
the region of the right tonsil and extended beyond in the midline, pushing 
the uvula and soft palate before it. No enlarged lymph nodes were felt 
either in the neck or elsewhere. The physical examination was otherwise 
normal. 

A portion of the tonsillar tumor was removed for microscopic examination. 
It (S-33-540) showed destruction of the normal lymph node architecture 
and a diffuse infiltration with large lymphocytes. Mitoses were moderately 
frequent. Diagnosis lymphocytoma. 

The patient’s respiratory distress grew rapidly worse and the day after 
entry a tracheotomy was performed and 600 R units of high voltage Roent- 
gen-ray were given over the right side of the neck. The patient ran an 
irregular fever up to 104° F. and repeatedly coughed up large amounts 
of sanguinopurulent material. There developed dullness in the right back 
from the base of the lung to the spine of the scapula. Over this dull area 
there was diminished tactile and vocal fremitus and distant bronchial 
breathing. A chest tap revealed no pleural fluid. A Roentgen ray film 
of the chest showed “mottled dullness at base of right lung —probably 
pneumonia.” The patient grew steadily worse and died on March 22, 
1933, 3 months after his first symptoms, and 9 days after admission to the 
hospital. The autopsy (H. H. A-33-575) showed lymphocytoma of the 
right tonsil and bilateral pneumonia. There were no local or distant meta- 
stases from the original tumor. Death appeared to be due to an inhalation 
pneumonia. The case illustrates the great rapidity with which this dis- 
sase may be fatal without obvious extension beyond the original site. 

Case 4.—H. R. (H. H. 26-1191), male 53, was admitted to the hospital 
on October 8, 1926 with the chief complaint of a swelling inside his throat. 
Two months before entry he noticed a small, painless lump in the region 
of his left tonsil. A reddish-gray membrane soon formed over it and the 
mass grew rapidly in size. A month later his voice became hoarse and he 
had occasional twinges of rather severe pain in his left ear and left temporal 
region. There had been no general symptoms, but during the past month 
swallowing had become increasingly difficult, and as a result he had eaten 
less and less. Since the onset of symptoms he had lost 12 pounds. 

On admission, physical examination was essentially normal except for 
the presence of a firm, pinkish mass 4 cm. in diameter occupying the left 
tonsillar fossa. The tumor was covered with a grayish, sloughing membrane. 
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There were no lymph nodes palpable in the neck or elsewhere, nor were 
there found any other noteworthy abnormalities. Biopsy (8-26-2090) 
revealed it to be Hodgkin's disease. 

Six seeds of 2 me. each were inserted directly into the tumor. Three 
weeks later the mass was much smaller and 10 seeds, } mc. each, were 
placed in the remaining tissue. After 6 weeks the original tumor had 
entirely disappeared, but there was found an enlarged lymph node at the 
angle of the jaw measuring 3 by 4cm. This was treated with high-voltage 
Roentgen ray. In January, 1927, 3 months after entrance to the hospital, 
his general condition seemed definitely worse. There were many small, 
firm lymph nodes in the left neck and he had occasional shooting pains to 
his left ear and temporal region. Radium in moderate dosage was applied 
externally over the enlarged nodes without beneficial effect. Both breathing 
and swallowing became increasingly difficult. The patient lost weight 
rapidly and, although no distant metastases could be detected, he died 
February 20, 1927, 6 months after his first symptoms had appeared. There 
was no autopsy. 

Case 12.—S8. O. (H. H. 30-1180), a 67-year-old married woman, was 
admitted to the hospital on September 17, 1930. Her chief complaint was 
sore throat. For 2 months she had noticed a lump in her throat but it 
had given her no trouble until a month before entry when she began to have 
some pain on swallowing. A week later she noticed a mass in her right 
neck. There had been no other symptoms and the patient's general health 
was good. On entrance both tonsils were found to be enlarged. The right 
tonsil projected beyond the midline and presented an irregular, but non- 
ulcerated, surface. There was a firm, 1 cm. lymph node in the right sub- 
maxillary area and in both axille and both epitrochlear regions similar 
small lymph nodes could be felt. Otherwise physical examination showed 
no notable abnormalities. Both tonsils were removed with diathermy 
and the patient given high-voltage Roentgen ray to the cervical region. 
Examination of the excised tonsils (8-30-2462) showed them to be replaced 
by a lymphocytoma. 

The patient responded well to treatment and in November, 1930, 2 
months later, was entirely free of symptoms. The cervical lymph nodes 
had disappeared and there was no return of either tonsillar tumor. 

In June, 1931, 8 months after admission, there was found on routine 
examination a firm, non-tender, rounded mass in the right flank about the 
level of the umbilicus. This was believed to be a mass of enlarged 
lymph nodes. There was no weight loss nor any symptoms. A month later, 
however, she noticed an enlarged lymph node in the right neck and experi- 
enced considerable pain in her right ear. High-voltage Roentgen ray 
treatments were given over the right neck. The cervical nodes responded 
well to treatment, but in July, 1931, a month later, she returned complain- 
ing of pain in the right upper quadrant. There was, at this time, no return 
of the tonsillar tumor but a lemon-sized mass could be definitely felt in 
the right upper quadrant and in each groin were several soft, non-tender 
lymph nodes. There had been a loss of 5 pounds. 

There was a satisfactory response to Roentgen ray therapy to the pos- 
terior abdomen with a shrinkage of the enlarged nodes and a complete 
alleviation of the abdominal pain. In October, 1931, 3 months later, a 
considerable number of lymph nodes appeared in both sides of her neck, 
in both epitrochlear regions and in the left axilla and in each groin several 
large, firm, painless nodes were discovered. 1000 R units of Roentgen ray 
were given to the neck, 900 to each axilla and 900 to each groin. Two weeks 
later there was noted a most satisfactory response. All masses had decreased 
markedly in size and the patient felt considerably better. In November, 
1931, a number of small shotty masses appeared subcutaneously in both 
upper eyelids. These were treated with radium with definite improvement. 
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From this time onward, however, the patient grew steadily worse. Large 
masses of lymph nodes appeared in the left groin resulting in marked edema 
of the corresponding leg. There developed considerable discomfort in the 
epigastrium and in spite of Roentgen ray therapy to the posterior abdomen, 
900 R units, the patient died on January 8, 1982, 1 year and 4 months 
after her first symptoms were noticed. In contrast to the first 2 cases, 
the disease soon became very widespread, but it should be noted that the 
total duration of the disease was longer rather than shorter than in those 
patients whose symptoms and signs remained relatively localized. 

Case 19.—D. L. (H. H. 30-582), a 73-year-old married woman, entered 
the hospital May 5, 1930, with the complaint of a “growth on the right 
neck.”’ For 6 months she had noticed a gradually increasing growth in her 
right neck. Aside from an accompanying loss of strength, not inconsistent 
with her advancing age, she had no other symptoms. Examination at the 
time of admission revealed a well-nourished woman of 73. The right tonsil 
was markedly enlarged and extended beyond the midline. The tumor 
was pale pink in color, the surface smooth, and not ulcerated. In consist- 
ence the tumor was rubbery. The left tonsil appeared normal. Beneath 
the right mandible was a firm mass 5 by 3em. Examination of the tonsillar 
tumor (S-30-1229) showed it to be a lymphocytoma. High-voltage Roent- 
gen ray in moderate dosage over the neck was instituted and within a 
month all nodes and the tonsillar tumor had disappeared. In December, 
1930, 7 months after her admission, she was in excellent condition, but in 
February, 1931, in spite of the fact that she was symptom free, it was noted 
that the spleen, previously not enlarged, extended a few em. below the 
umbilicus on inspiration. Seven hundred RK units of Roentgen ray were 
given over the splenic area but no notable improvement ensued. The 
patient lost 10 pounds in spite of goed appetite. The spleen did not dimin- 
ish in size. There was no return of the tonsillar tumor, nor were there any 
lymph nodes palpable in the neck. Nine months later, the spleen was 
sasily felt at the iliac crest, yet within the next 2 months, without any 
specific treatment whatever, it had receded beneath the ribs. The patient 
continued to feel as well as a person of her age normally would. In June, 
1932, the spleen once more became palpable 3 em. below the ribs and in 
ach upper eyelid beneath the skin were found a number of small shot- 
like masses. There was moderate exophthalmos of the right eve. Radium 
was applied to the eyelids with excellent results and complete disappearance 
of the masses, but in August, 1932, the spleen had still further enlarged 
and was found to extend almost to the iliac crest once more. The patient 
continued to feel well but had lost 20 pounds. There had been no return 
of the local tonsillar tumor, nor any recurrence of the cervical nodes. When 
last seen 3} years from her initial symptoms, she appeared to be in excellent 
health, although the spleen remained greatly enlarged. 

Case 26.—G. B. (H. H. 19-668), a 54-year-old man, was first admitted 
to the hospital on August 20, 1919. His chief complaint was sore throat 
of several weeks’ duration. There were no other symptoms. Examination 
revealed a pedunculated, ulcerated mass, the size of a small cherry, spring- 
ing from the left tonsillar fossa. There were no other abnormalities on 
physical examination. The mass was excised and 7 seeds of 1 me. each 
were inserted into the tonsillar fossa and the base of the tongue. The 
specimen (S-19-662) showed lymphocytoma. There was diffuse infiltra- 
tion of the tissue with small lymphocytes. Mitoses were fairly frequent. 
So far as could be learned there was no recurrence of the tumor until August, 
1932, 13 years later. At that time there was found to be a soft, ulcerated 
growth occupying the left tonsillar fossa and filling the entire nasopharynx. 
A second biopsy (8-32-1509) showed essentially the same picture as that 
seen 13 years before. Twenty-one hundred R units of Roentgen ray were 
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given over the cervical region and within 2 weeks the mass had entirely dis- 
appeared. A month later, however, the patient returned with marked 
ascites. The liver could be felt 3 em. below the ribs. A large, soft nodule was 
felt in the rectum. Twelve hundred R units of Roentgen ray were given over 
the posterior abdomen with rapid diminution of the ascites. But 2 weeks 
later the patient seemed much weaker and a purplish red infiltrated area 
8 cm. in diameter had appeared in the skin over the sternum. The patient 
grew steadily worse, hydrothorax developed, the ascites increased and the 
patient died on June 15, 1933, 13 years and 10 months after his original 
tumor was discovered and 10 months after the recurrence. The autopsy 
(8-33-1021) showed lymphosarcoma involving the cervical nodes, pancreas, 
gall bladder, pericardium, diaphragm, omentum, large intestine and ureters. 

Case 27.—E. K. (H. H. 21-1118), a married man of 46, entered the 
hospital on Septe mber 21, 1921, complaining of a recurrent growth in his 
throat. In 1918, he had had a painless tumor removed from the left ton- 
sillar fossa. This proved to be a slowly growing plasmacytoma. A year 
later a similar mass was removed from the right tonsillar fossa. This also 
was a plasmacytoma. The patient was then free from symptoms until 
January, 1921, when he once more noted a mass in his throat. The tumor 
grew rapidly and soon caused some obstruction to swallowing. 

In January, 1926, 8} years after the removal of the first tumor, he com- 
plained of pain radiating down the outer side of his right leg. There were 
no signs of the original tumor. A Roentgen ray film of the lumbar and 
sacroiliac regions showed no abnormalities. 

In March, 1926, there was a return of the tumor in the left tonsillar fossa 
and a few bean-sized lymph nodes were found in the neck. 

In October, 1926, he complained of severe pain in the chest and a loose, 
troublesome cough. Roentgen ray examination of the chest showed for 
the first time, 8} years after the initial tonsillar tumor, circular areas of 
diminished density throughout the ribs and pelvis, suggestive of multiple 
myeloma. Bence-Jones protein was found in the urine. He improved 
under Roentgen therapy but gradually a definite anemia developed, he 
became weaker and the cough, temporarily alleviated by Roentgen therapy, 
reappeared in an aggravated form. There was no return of the initial 
tonsillar tumor. 

In October, 1928S, he had a severe nosebleed for which no further cause 
could be found than a small ulceration on the septum. This bleeding con- 
tinued intermittently until his death. The Roentgen ray findings at this 
time were typical of multiple myeloma, widely diffused throughout the 
flat bones. From this point onward the course was progressively downward 
and he died February 2, 1929, 10} years after the removal of the first tumor. 
Autopsy (H. H. 29 338) showed multiple myeloma involving the ribs, 
radius and lumbar vertebra, hypertrophy and dilatation of the heart, 
generalized arteriosclerosis and chronic nephritis. This case has been more 
fully described elsewhere.? 

These case histories are representative of the various courses 
which the disease under consideration may run. It is apparent 
that like other forms of lymphoma the progress is extremely variable 
and unpredictable, although practically always downhill to death. 

From a pathologic viewpoint (Table 1), among the 37 cases, 
reticulum-cell sarcoma was found 16 times, lymphocytoma 13, 
Hodgkin’s disease 4, lymphosarcoma 2 and giant follicle and plasma- 
eytoma each once. This proportion differs considerably from that 
in our entire series of malignant lymphoma, data upon which are 
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shortly to be published. Broadly speaking, Hodgkin's disease 
comprises some 40% of all lymphoma,* in contrast to a scant 10% 
among those arising in the tonsil. On the other hand, lympho- 


cytoma and lymphosarcoma comprise but 30°; in the general 
group and 43° in the tonsil group. While the tonsil series is, of 
course, small, it would appear that Hodgkin’s disease arising in this 
region is rare and lymphocytoma and reticulum-cell sarcoma rela- 
tively common. 


TABLE 1.—PaTHOLOGIC TyPEs. 


Media 

\ da \l 

No deatt 

cases NI il kx vrs 10 vrs 
Reticulum-cell sarcoma 16 56.6 20-83 1.07 0 
Lymphocytoma 13 57.1 12-72 1 
Lymphosarcoma 2 17.0 0.4 0 
Hodgkin's disease 1 53.5 11-79 1.6 0 
Plasmoma l 13.0 10.6 l 
Giant follicle l 67.0 1.4 0 


The age distribution (Table 2), shows that the peak incidence 
occurred in the 7th decade and that 62°; occur between the ages of 


10 and 69. 


The disease is rare in the 3d and 4th decade. Children 


under 10 are seldom admitted to the hospital, from which these 


10 
20 
30 
10 


9 
19 
29 
39 


19 


TABLE 2.—AGE INCIDENCE. 


0 50-59 7 
5 60-69 10 
1 70-79 5 
2 SO-SY l 
6 


data were largely obtained, and our statistics should, therefore, 
not be construed as indicating that the disease does not occur in 
this age group. The age distribution of the various types of lymph- 
oma showed wide variations. The median age for each major group 
was approximately the same, namely, reticulum-cell sarcoma 56.6, 


lymphocytoma 57.1, Hodgkin’s disease 53.5. But while reticulum- 


cell sarcoma was found to be quite evenly distributed from 20 to 
83 years of age, lymphocytoma was not found in the 3d and 4th 
decades, the greatest number occurring between 10 and 20 and 
again between 50 and 72 years. The 4 Hodgkin’s cases were all 
over 40 years. As would be expected both rapidly advancing 
lymphosarcomas were found in the second decade and the single 
case of plasmoma in the fifth decade. 

* The inclusion of Hodgkin's disease as a lymphoma is not acceptable to many 
authorities. 
matoid diseases. (See J. Am. Med. Assn., in press.) Editor. 

+ One patient died of recurrence 9.3 years after the initial tumor; 1 was alive and 
well 7.4 years after the initial tumor. 

t One patient died of recurrence 13.5 years after the initial tumor; 2 were alive 
and well 11 and 18 years, respectively, after the initial tumor. 


It is suggested that it be recognized as a member of the group of lympho- 
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Of the entire series 21 (56.8%) were males; 16 (43.297) were 
females. New and Childrey found that 75°; of their “lympho- 
sarcomas’ were males. 


TaBLe 3.—First SymprTom. 


Sore throat 14 
Swelling of tonsil 6 
Swelling of neck 11 
Dysphagia 
Deafness 
Bloody sputum ] 


The first symptoms noted by the patients were comparatively 
few in number. From Table 3 it may be seen that sore throat, 
often of weeks’ duration, was the commonest symptom, while a 
“lump” in the throat or in the neck were the next most common. 
l)vsphagia was the first symptom in 4 cases. Thus, 65% of the 
first symptoms might properly be directly referred to the throat. 
Any sore throat of considerable duration should, therefore, cause 
the practitioner to consider the possibility of lymphoma with serious 
consequences to come. 

In general it may be said that the symptomatology of the various 
pathologic types does differ to a certain extent. Thus 11 of the 16 
patients with reticulum-cell sarcoma complained of pain, while but 
2 of the 13 with lymphocytoma had pain of any moment. This is 
in accord with the symptomatology which we have found in the 
lymphoma group as a whole. Reticulum-cell sarcoma is probably 
the most painful form of lymphoma of the tonsil. It is doubtful, 
however, whether one could make a differential diagnosis between 
the various types of lymphoma on the basis of physical signs and 
symptoms alone. Indeed, it is questionable whether lymphoma of 
the tonsil can be surely differentiated from carcinoma without 
biopsy. 

That in the early stages the disease advances apace is apparent 
from the fact that while on the average patients reported to the 
clinic within 4 months from the time they were first troubled, yet 
on admission several new symptoms had appeared and the incidence 
of such symptoms as had been noted initially was markedly in- 
creased (Table 4). Lymph nodes in the neck, complained of as a 
first symptom in but 11 cases, had become sufficiently prominent 
to be noticed by the patient on admission in 22 instances. In a 
similar manner, while dysphagia was the first symptom noted in 
but 4 cases, it was a prominent complaint in 9 instances at the time 
of admission to the hospital, at which time fatigue was complained 
of by 4 patients. Five patients had already lost weight. In view 
of the prognostic import of local and distant metastases (a subject 
referred to in detail later) this rapidity of advance of the disease 
early in its course should constantly be borne in mind. 
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TABLE 4.—SYMPTOMS ON ENTRANCE. 


Sore throat 17 
Swelling of tonsil 13 
Swelling of neck 22 
Dysphagia 
Deafness 3 
Bloody sputum 3 
Fatigue 
Hoarseness 3 
Loss of weight 5 


The tumor was accurately described in 31 cases. It invariably 
occupied the tonsillar fossa, was always notably enlarged and often 
extended beyond the midline, pushing the uvula and soft palate 
before it and causing in 9 cases dysphagia of greater or less degree. 
In consistence, the tumor was rubbery, firm or hard in all but 2 
cases, in which it was soft and friable. The mass was definitely 
ulcerated in 12 instances. In the remainder the tumor was smooth 
or slightly irregular but definitely not ulcerated; in but 1 (Case 26) 
was there a pedicle. The tumor in this case was excised and 7 gold 
seeds, 1 me. each, inserted into the base of the mass. The tumor 
reappeared at the same site 13 vears later. It is possible that in 
this instance the recurrence was in reality a second and entirely 
independent tumor. In general, the color of the mass was described 
as pink or opalescent and in 6 cases there was definite membrane 
covering its surface. 


TABLE 5.— PROGNOSIS OF GROUP AS A WHOLE. 


Patients living S Patients dead 20 
Average life 5.5 yre Average life 2.5 yrs. 
Well Yrs W Yrs 

3 l l ) 
10 
5 
2 10 
1S 


The prognosis of the group as a whole is, of course, bad (‘Table 5). 
Only 1 of the series (Case 27, H. H. 18-406) appears to be cured, 
as he is free from signs and symptoms now, 18 years after the 
appearance of the initial tumor. Of the 8 patients alive at the 
present time (July, 1935), but 4 have survived the 5-year period. 
The average duration of life among those who succumbed to the 
‘disease was 2.5 years, but it should be noted that 2 patients survived 
10 vears yet died of a recurrence of their original disease; so that 
contrary to the rule in certain other malignant tumors, a very 
prolonged period of freedom from signs and symptoms must ensue 
before one can be certain that an actual cure has resulted. 

At the time of admission to the hospital 12 patients had neither 
local nor distant metastases, 17 had enlarged lymph nodes in the 
neck and only 8 had generalized lymphadenopathy. Thus, in over 
67% of the cases metastases had already occurred when the patient 
was first seen. This is in general agreement with the findings of 
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New and Childrey. In their series, 59°% had cervical glands when 
first seen. 

As is to be expected the presence or absence of metastases at the 
time of treatment appeared to have a definite relation to the dura- 
tion of the disease. Thus, 42% of those patients who showed neither 
local nor distant lymph nodes lived over 3 years and 25° lived more 
than 10 years. The average duration to death in this group was 5.3 
years, and 2 of this group died of unrelated diseases, 1 of cardiac 
decompensation and | of cancer of the cervix. On the other hand, 
but 339% of those who had local cervical metastases lived over 3 
vears and but | lived over 5 years. The average duration to death 
in this group was 1.7 years and, further, it should be added that 1 
died of coronary thrombosis and 1 of tertiary syphilis. Those with 
generalized or distant lymphadenopathy fared still worse. The 
average duration of life in this group was | year. No patient in 
this group lived more than 2} years. It can be said, therefore, 
that the more general the involvement the worse the prognosis. 
That other factors enter in, however, is attested to by the fact that 
of the 12 patients who had no cervical or distant metastases at the 
time of treatment, 4 died in less than 1 year from the first appearance 
of symptoms. In | instance death was due to intercurrent pneu- 
monia, directly traceable to the oral lesion. In the other 2, death 
appeared to be brought about by the dysphagia and pain of a very 
malignant and radiosensitive tumor. As in other forms of lymphoma 
there is great difficulty in predicting at the onset the subsequent 
course of the disease. 

There would appear to be little difference in the prognosis among 
the various pathologic types. The median date of death in each 
major group was approximately the same—less than 1} vears. It 
is to be noted, however (Table 1), that 1 patient with reticulum- 
cell sarcoma died of recurrence 9.3 years after the initial tumor and 
that 1 was alive, although still presenting evidence of the disease, 
over 7 years after the first symptom. Ina similar manner, although 
the median date of death among the lymphocytoma group was 1.6 
years, | patient died of a recurrence after 13 years, and 2 patients 
were alive and well 11 and 18 years respectively after the onset of 
the condition. It can thus be seen that too sweeping generalities 
must not be applied to the individual case. 

The number of mitoses per oil-immersion field gave, in a general 
way, some indication of the prognosis. Thus those tumors which 
showed 10 mitoses per oil-immersion field were fatal in less than 6 
months; those which showed but 5 were fatal on the average in 13 
years; those which showed but 1 mitosis or less caused death in 
3 years or over. Sufficient exceptions to these rules were found, 
however, to render it unsafe to be dogmatic as to prognosis on the 
basis of mitoses alone. 

The treatment given was so varied as to be impossible to sum- 
marize. Nor can it be said on the basis of the data on hand that 
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one type of treatment seemed more effective than another. In 
general, during the earlier years (1919-1925) gold seeds numbering 
4 to 12 and containing | mc. were inserted into the tumor and an 
additional dose of radium was given over the affected lymph nodes. 
In later years, seeds were occasionally used and the patient in 
addition was given successive high-voltage (220 Kv.) Roentgen ray 
treatments amounting to from 600 to 800 R. Local recurrence and 
distant metastases were treated alike and radiation in similar 
rather moderate dosage was given as metastases occurred. 

In almost all instances the original mass responded well to treat- 
ment. This initial radiosensitivity, we believe, is most deceptive 
and in the light of the very early recurrence in the majority of 
instances we would now advocate heavier dosage as in the case of 
carcinoma. In 17 instances the response was regarded as excellent ; 
that is, the original tumor and local lymph nodes, if any, disappeared 
completely in the course of 1 or 3 weeks. In 8 cases the response 
was fair, in 3 poor and in 2, (Cases 25 and 10), there was no visible 
effect on the tumor. The first of these latter patients lived 14 
months, the second but 4 months. 

In general, it may be said that the better the original response 
the greater the likelihood of the patient surviving a relatively long 
period of time. But that this rule is not invariable is shown by the 
fact that 1 patient (Case 14), whose response to his initial treatment 
was regarded as excellent, died with cachexia, dysphagia and severe 
pain 5 months later, and another (Case 17), whose initial response 
was poor, was still alive 2 years and 4 months later. In spite of the 
relatively favorable response in the vast majority of instances, 
local recurrence took place rapidly in most cases, on the average 
in 4.5 months. In 38% of the cases local recurrence was noted in 
less than 3 months, and in 67% of those patients who ultimately had 
distant metastases they were first noted within 9 months from the 
first treatment. 

As has been said, local recurrence is common but in 44% of those 
who died there was no spread beyond the pharynx, nasopharynx 
and cervical nodes. Death in these instances is to be attributed to 
the dysphagia and to the attendant pain which in some instances 
was very severe, requiring the constant administration of opiates. 
In 2 instances (Cases 15 and 25), there developed a Horner’s 
‘ syndrome and in one of these (Case 25) there were repeated 
attacks of vomiting, bradycardia, exophthalmosand fainting. These 
attacks became more frequent and of longer duration. The patient 
finally died in syncope. In 56% of the patients who died the dis- 
ease became generalized. Distant lymph nodes, the spleen and 
liver were frequently involved. One case developed classical acute 
lymphatic leukemia. Any or all organs may be involved in the 
process and the disease then takes on the characteristics of general- 
ized lymphoma and must be treated as such. In 3 cases there was 


widespread nodular involvement of the skin. In Case 27, already 
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summarized above, a plasmacytoma of the tonsil metastasized 8 
years later to the osseous system and the patient died with the 
classical symptoms of multiple myeloma. 

Summary. |. In 15 years there have been admitted to the 
Huntington Hospital 236 cases of malignant disease of the tonsil. 
Of these 28 (11.897) were proven to be malignant lymphoma of one 
type or another. 

2. The most prominent symptoms initially noted by the patients 
were persistent sore throat, swelling within the throat and enlarge- 
ment of the cervical lymph nodes. 

3. Of these patients 56°% developed generalized lymphoma. 

!. The excellence or rapidity of the immediate response to radia- 
tion is no index of the ultimate outcome. 

5. The average duration of life from the onset to death was 2.6 
years, the median 1.4 years, and the extremes were 3 months and 
years. 

6. One patient was alive 5 years, 2 10 years and 1 alive and free 
from symptoms 18 years after the onset. 

7. The absence of local lymph nodes at the time of treatment is, 
in general, of good prognostic import. 

8. Lymphoma of the tonsil should be regarded as but one type 
of malignant lymphoma and the ultimate widespread involvement 
seen in many patients must constantly be borne in mind. 

9. It is suggested that those patients be treated as if they had 
carcinoma of the tonsil; that is, with very heavy initial radiation 
with comparable doses for recurrences. 
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I. IRON AND ITS UTILIZATION IN EXPERIMENTAL 
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Ir would seem that the reaction of iron in anemia should be 
delightfully simple and direct. There is a lack of iron and when 


* We are indebted to Dr. David Loeser, of the Loeser Laboratory, for a liberal] 
supply of colloidal iron for intravenous use. 
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absorbed or injected it should go directly into upbuilding of the 
large hemoglobin molecule which thereupon is incorporated into the 
red cell. The reasons why the reaction is so often confusing, unex- 
pected and difficult of explanation are subject to debate, but one 
may at least suspect? that iron is concerned in the complex reaction 
within organ cells between various organs and comprehending body 
fluids—a reaction we name internal metabolism. 

A monument erected to commemorate developments in iron 
metabolism would be, indeed, a Tower of Babel. Voices would 
be raised to convince us that metallic, reduced or inorganic iron is 
utilized differently and less effectively than organic or food iron. 
Again claims are put forward that ferrous iron’ is utilized to greater 
advantage than ferric iron. Some investigators believe that copper 
is necessary for the utilization of iron... Others believe that much 
more iron is taken into the body from the intestine than is utilized 
and that much of this is excreted as a surplus via the large bowel. 
Iron balance experiments, of course, do not tell us whether some of 
the iron is taken into the body and then eliminated in the feces, 
as it all may go through the intestine and escape in the feces. 

Many different types of anemia have been studied. Human 
anemias obviously are complicated by innumerable variables which 
may confuse the picture. Experimental anemia due to food defi- 
ciencies in rats has been much studied by Myers and associates,' 
by Hart, Steenbock, Elvehjem and associates.** Other investi- 
gators have used anemias due to blood destruction or blood with- 
drawal. Some of the confusion in this voluminous literature is due 
to an attempt to apply findings in one type of anemia to a totally 
different type of anemia. Some related papers have been covered 
in an earlier report." 

Experiments with iron feeding are unsatisfactory in many 
respects whether the iron is contained within the food or given as 
a soluble salt, as there is no accurate measure of tron absorption. 
It is conceivable that the absorption of iron may be profoundly 
influenced by simultaneous food intake, digestive activity and bile 
factors or the actual need for iron within the body. Study of the 
feces gives us no help, as some of the iron may go into the body 
and subsequently be eliminated via the large bowel in the feces. 
Evidence is accumulating to indicate that many slight disturbances 
. of internal metabolism may modify the utilization of iron to make 
new hemoglobin in experimental anemia in the dog, due to blood 
withdrawal. 

It is not appropriate to discuss the therapy of human anemias 
but we wish to refer to an excellent paper by Heath, Strauss and 
Castle. Much of the recent literature of hypochromic anemia is 
reviewed there. Iron administered parenterally, they state, gives 
a production of new hemoglobin which corresponds closely to a 
quantitative return. Their observations on human cases, therefore, 
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are in accord with the observations in simple experimental anemia 
given below. 

When one gives iron intravenously in an experiment there is 
certainty that the iron, at least for a time, is within the circulation 
and body tissues. By no other means can one be sure of a given 
amount of iron gaining accéss to the internal body metabolism and 
estimates relating to Fe absorbed from the intestine are always 
indirect and give ample opportunity for debate and doubt. Our 
last report! dealing with iron feeding experiments was unsatisfactory 
to us because of the uncertainty relating to iron absorption. 

For this reason we used intravenous iron, but this does not imply 
our belief that in human anemia this type of therapy is best. In 
certain types of human anemia where abnormalities of the intestinal 
tract may impair absorption, intravenous iron may be helpful but 
it should always be used with caution. 


Methods. The routine care of these anemic dogs has been described in 
earlier publications’ ''—also the preparation of the standard salmon bread 
which contains wheat flour, potato starch, cane sugar, canned salmon 
and tomato, cod-liver oil, yeast and a salt mixture. The iron content of this 
bread as used is 4.68 mg. per 100 gm.—the average of many analyses. 

Net figure 8 for he moglobin production are given in all tables for example, 
if a given dog produces 7 gm. of new hemoglobin per week during long 
bread control periods of 8 to 12 weeks and during iron feeding produces a 
total of 85 gm. hemoglobin during a 5-week period, we deduct 35 gm. for 
the basal bread output, leaving 50 gm. which are credited to the iron feed- 
ing. The iron feeding usually occupies a 2-week period with at least 
3 weeks’ after-period to include the “carry over” of surplus hemoglobin 
output which follows the Fe feeding period (compare Table 1). 

The hemoglobin level in the blood by means of blood withdrawal is kept 
as constant as possible usually within 5°) of the anemia level of 45° 
(100% 13.8 gm. hemoglobin). If the anemia level at the start is 47% 
hemoglobin and at the end of the test period is 43°7, we deduct 4 gm. 
hemoglobin from the total output to adjust the level to the original 47°%. 
In these dogs a change of 1°, hemoglobin reading is equivalent to a little 
more than 1 gm. hemoglobin in circulation at this anemia level. 

Various iron salts have been used in these and other experiments, and 
Table 3 gives some illustrative experiments. These iron salts are fed 
mixed with the salmon bread, but the potency is related to the amount 
of Fe in any given salt or mixture. 

Intravenous iron may cause serious trouble and even death if used 
carelessly or if the material is not properly prepared. We are indebted to 
Dr. David Loeser, of the Loeser Laboratory, for a liberal supply of Fe(OH), 
in colloidal solution, which in these experiments has never given any 
untoward effects even when given in large amounts (Table 5). 


Experimental Observations. We would emphasize the fact that 
these dogs which are subjects for iron therapy are in an excellent 
state of nutrition and activity in spite of a relatively severe anemia 
with a hemoglobin level of 40 to 50%, as compared with the normal 
level for these dogs of 130 to 150% hemoglobin, where 100% is 
equivalent to 13.8 gm. hemoglobin. The anemia level is maintained 
as nearly constant as possible by blood withdrawal and the removed 
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hemoglobin is credited to that particular week. Presumably the 
stimulus for hemoglobin and red cell production is a sustained 
maximum, but the appetite is unimpaired and intestinal absorption 
is normal. These dogs remain clinically normal and in weight 
equilibrium for years and many animals have continuous anemia 
histories for 8 to 12 years. These dogs would seem to be ideal 
subjects for the experiments dealing with iron absorption and 
utilization in anemia due to blood withdrawal. 


TaBLe 1.—IRon BY In OptimuM aNnp LarGe Doses. Liver Pius Iron 
SUMMATION EFFECT. 


Dog 30-117. 


Food Plast 

Diet pe riods, 1 week each Wt Hb rem 

Food, grams per day. kg mil level, 
Fe, 40 mg.; br., 450; salm., 100; KI., 40 100 14.1 910 5.3 1S 36.2 
Fe, 40 mg.; br., 450; salm., 100; KI., 40 100 14.2 947 19 5S 19.6 
Bread, 450; salm., 100; K1., 40 100 14.4 944 5.0 61 20.0 
Bread, 450; salm., 100; Kl., 40 100 14.1 S96 1.9 49 21.8 
Basal output, 10 gm. Hb. per wk. Total netHb. output 60 gm. Total 9S 
Fe, 400 mg.; br., 450; salm., 100; KI1.,40 100 14.9 SAG 7.0 73 14.8 
Fe, 400 mg.; br., 450; salm., 100: K1.,40 100 14.9 S64 6.2 5S 54.4 
Bread, 450; salm., 100; KI., 40 100 15.0 909 5.1 57 14.2 
Bread, 450; salm., 100; KI., 40 100 15.4 960 16 6S 13.4 
Bread, 450; salm., 100; K1., 40 100 15.4 S93 1.6 50 10.3 
Total netHb. output S7 gm. Total 137 
Fe, 400 mg.; p. liver, 300; br., 300 100 13.9 S42 6.4 64 60.5 
Fe, 400 mg.; p. liver, 300; br., 300 100 13.9 852 >.8 61 11.3 
Bread, 450; salm., 100; KI., 40 100 14.2 S61 6.0 51 58.5 
Bread, 450; salm., 100; KI., 40 100 14.3 S64 1.6 57 21.8 
Bread, 450; salm., 100; KI., 40 100 14.8 936 1.5 15 24.0 
Liver control = 99 gm. Hb. Total netHb. out put = 156 gm. Total 206 


Br. = salmon bread; salm. canned salmon; KI. milk powder (Klim). 


Fe given as ferric citrate. 


Table 1 gives three separate experiments done upon the same dog 
and we observe that the food consumption is 100% throughout; 
the body weight is subject to slight fluctuations and the plasma 
volume is relatively constant even in the face of heavy blood 
withdrawal. This dog during long control periods put out 10 gm. 
hemoglobin each week while on the control diet of salmon bread 


| 
| 
| 
| 
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plus canned salmon plus “ Klim,” a skim milk powder. Therefore, 
from the total hemoglobin removal each 4- or 5-week period we 
subtract 40 or 50 gm. to get the true net effect of the iron or liver, 
as the case may be. This dog’s standard reaction to 300 gm. pig 
liver daily per 2-week feeding is 99 gm. hemoglobin. In Table 1 
the effect of adding 40 mg. Fe to the basal ration daily for 2 weeks 
is 60 gm. hemoglobin and of feeding 400 mg. Fe daily for 2 weeks is 
$7 gm. hemoglobin production. The first dose of 40 mg. Fe daily 
we call the optimum dose because it seems to be the amount of Fe 
which added to the basal diet is utilized to the best advantage. 
Probably smaller doses would be utilized to equal advantage, but 
the return in hemoglobin is smaller and the chance of error in esti- 
mation because of phy siologic variables is obviously larger. As the 
dose is rapidly increased the utilization falls off and 400 mg. Fe daily 
(10 times the optimum dose) gives less than twice the return in 
new hemoglobin. 


TaBLe 2.—IRoN BY CoMPARISON OF VaRIOUS IRON SALTs. 


Iron intake and hemoglobin output per 2 weeks’ feeding Bemagiohis 
emogiobin 


output per 


og > wie fending 
Hemoglobin Percentage 2 wk eeaing 
No ‘ liver, 
ype of iron daily output due of Fe 200 g hail 
dose, to iron, appearing as“ daly, 
mg zm hemoglobin gm 
26-164 Ferrous sulphate 10 1S 29.0 S89 
26-164 Ferrous sulphate 100 79 1.7 So 
29-826 Reduced iron 10 33 20.0 69 
29-326 Reduced iron 100 65 3.9 69 
30-121 Reduced iron 10 19 29.0 87 
30-121 Reduced iron 100 57 3.4 S7 
27-240 Iron cit. scales 10) 54 32 0 O7 
30-115 Iron cit. scales 100 92 5.5 118 
27-238 Fer. am. cit. green 10) 16 28 0 
27-238 Fer. am. cit. green 100 75 1.5 


Much has been written about the availability of various iron 
salts, in the ferrous or ferric form, in the reduced state, as organic 
or inorganic salts, but in spite of all this work, sharp differences of 
opinion are to be found in the literature. Under the conditions of 
these experiments there appears to be no difference as to what 
soluble iron salt is used. Table 2 gives some typical experiments 
and the determining factor is the amount of the metal itself. Many 
other experiments with different iron salts have been done from time 
to time and some have been reported in earlier publications." The 
experiments in Table 3 should be mentioned at this time, and with 
few exceptions the iron used in these experiments was in the form 
of ferric citrate scales. 

One particular dog (29-326), in Table 2, should be reviewed, as 
it differs so conspicuously from the average. This dog is healthy 


| 

| 

| 

| 
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and has been continuously anemic under observation for 3 years 
and during all this time has been uniformly subnormal in its reaction 
to standard diets and iron therapy. On the average, from large 
numbers of experiments,® it is found that the anemic dog averages 
a net hemoglobin output of 95 to 100 gm. as the result of feeding 
300 gm. pig liver daily for 2 weeks. Likewise approximately the 
same figure, an output of 90 to 95 gm. of hemoglobin, is observed 
in experiments in which Fe, 400 mg., daily is given for 2 weeks. 
Average figures for the optimum intake of iron— Fe, 40 mg., daily 
for 2 weeks—show an output of about 55 gm. hemoglobin. Although 
Dog 29-326, Table 2, is uniformly low in its hemoglobin output on 
standard diets, the ratios are as indicated in the average dog. — Its 
hemoglobin output due to liver is 69 gm., the output due to iron 
(400 mg. daily) is 65 gm. hemoglobin, and the output due to the 
optimum dose of iron (40 mg. daily) is 33 gm. hemoglobin. Other 
dogs will show a consistent hemoglobin production much above 
normal—compare Dog 24-45, Table 3. We have some experiments 
to indicate that a dog raised on a favorable diet (liver) is apt to be 
permanently more active in subsequent hemoglobin regeneration 
than is the case in dogs raised on salmon bread and milk. We have 
no final comment relative to these individual physiologic peculiari- 
ties except to add that some dogs can run faster and further than 
others. To say that one dog has a physiologic mechanism that 
is more or less efficient in producing new hemoglobin, as compared 
with the average, gives little comfort to the investigator, but it is 
not an unfamiliar situation in physiology. 


TABLE 3.—IRON BY MoutTH. Summation Due Liver Pius IRON Liver 
CONTROL 


Iron intake and Hb. output per Hemoglobin output per 
2 wks.’ feeding 2 wks.’ feeding 
Dog 
No Fe, Hemoglobin ae Hemoglobin Iron, 400 mg., 
daily output due Output due to plus 
dose, to iron, : —— liver alone, liver, 300 gm., 
mg gm ” ' 300 gm. daily daily 
24-89 100 87 5.2 
27-238 10 19 260 
27-238 100 SO 
27-238 450 74 3.5 
27-234 40 72 39.0 109 
27-234 . 400 125 
27-234 400 117 7.0 93 129 
30-115. 40) 9 26.0 118 
30-115. 400 102 5.5 11s 
24-45 40 95 57.0 121 
24-45 400 154 9.2 121 176 
re 400 92 5.5 77 118 


Dog. 30-115 splenectomized. 
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Table 3 gives more experimental data related to the feeding of 
iron by mouth. The summation of tron and liver is well shown in 
the latter half of Table 3. These dogs when given liver, 300 gm., 
and iron, 400 mg., daily for 2 weeks show an average production 
of 141 gm. hemoglobin. From iron, 400 mg., alone the average 
figure is 93 gm. hemoglobin. From liver, 500 gm., alone the average 
figure is 97 gm. hemoglobin. If we allow one-half of the liver pro- 
duction, or 48 gm. hemoglobin, plus 93 gm. hemoglobin from iron, 
we get the figure 141 for the summation which is much too perfect 
an agreement but at least supports the theory of summation due 
to organic and inorganic factors. This summation effect has been 
pointed out in an earlier paper.’ It was found that whole liver 
ash contains about one-half the potency of whole liver, and in the 
face of maximum iron intake it seems unlikely that additional iron 
coming from the liver would have much if any added effect, so for 
the summation effect we calculate only one-half the total liver 
potency of 97 gm. hemoglobin. 

It may be permissible to estimate the absorption of iron in 
Tables 2 and 3 from the output of hemoglobin in the several experi- 
ments. We may compute the amount of iron contained in the 
new-formed hemoglobin on the basis of 10 mg. Fe = 3 gm. hemo- 
globin and the fourth column in Table 3 shows the percentage of 
iron in the new hemoglobin related to the iron given by mouth, 
and we may call this the percentage utilization of the tron. For the 
10-mg. Fe daily intake for a 2-week period, the average percentage 
appearing as new hemoglobin is 35%, and the average net hemo- 
globin production is 55 gm. For the larger dose of iron (400 mg. Fe) 
the average percentage utilization is 5.3% and the average net 
hemoglobin production is 91 gm. This, of course, is net hemoglobin 
production over and above the output due to the standard basal 
ration. 

In spite of every effort to maintain uniform conditions in these 
dogs, we observe some variation in hemoglobin output in repeat 
experiments. We must attribute these changes in reaction to un- 
known physiologic variables, but the average values are reasonably 
constant and have some significance. 

Table 4 shows the influence of salmon bread feeding alone upon 
hemoglobin regeneration. Practically all of these dogs have been 
carefully standardized on salmon bread diet for continuous periods 
of 10 to 15 weeks. Many of these dogs are unusually active in 
hemoglobin regeneration and are now more active than during 
earlier periods as reported in previous publications. The reasons 
for this cannot be detailed at this time but will be reviewed soon in 
another publication. 

We may take the figures for hemoglobin regeneration and express 
them in terms of Fe, as shown in Column 5, Table 4. When we 
compare this figure with the iron contained in the food (salmon 


18 WHIPPLE, ROBSCHEIT- ROBBINS: 


bread) we see an average of 40% utilization of this food iron. It 
seems certain that other salts have a slight but definite effect upon 
hemoglobin regeneration and certainly protein fractions have a 
definite effect. It is impossible to state how effective this food 
iron is as compared with the optimum dose of Fe (Tables 2 and 3), 
which is given as 35% utilization. It is proper to inquire as to the 
percentage utilization of iron when given in the liver feeding. Liver 
as fed contains 18 mg. Fe per 100 gm. fresh tissue. The dog on 
300 gm. liver daily for 2 weeks receives 756 mg. Fe. The average 
net hemoglobin output is 100 gm. which is equivalent to 335 mg. Fe, 
or a 44% utilization of iron. It is probable that the food iron 
utilization is not unlike the utilization of iron salts in optimum 
dosage as given in these experiments, but too many factors come in 
to make any dogmatic statement on this important point. 


TABLE 4.—THEORETICAL UTILIZATION OF FE IN SALMON BREAD. 


Amount of lronintake Hemoglobin Hemoglobir Ratio 


zm mg gn ng 
26-164 250 S3 6 20) 24 
26-102 200 66 10 34 52 
26-102 275 90 10 34 38 
27-236 275 90 11 37 41 
29-65 . 300 OY 15 50 51 
27-240 300 99 13 14 14 
27-240 300 99 16 55 
29-326 325 107 bt 27 25 
27-238 350 115 IS 60 52 
23-1 350 115 11 37 32 
33-14 375 23 yy 4 74 60 
33-13 100 32 14 47 36 
30-115 100 32 1S 60 15 
30-121 $50 148 12 +1 28 
30-114 150 148 11 37 25 
30-116 150 148 17 57 39 
24-45 450 148 1S 60 41 


Salmon bread, 100 gm. as fed contains 4.68 mg. Fe. 

Average ratio of Fe output as hemoglobin to Fe intake in salmon bread 10%. 
Dogs 29-65 and 30-115 are splenectomized. 

Dog 26-164 has definite chronic nephritis. 


Table 5 shows a satisfactory experiment in which a large amount 
of colloidal iron is given intravenously during a 2 weeks’ period 
50 mg. per day, or 700 mg. per 2 weeks, or expressed as hemoglobin 
on a quantitative basis, 210 gm. We note that the total hemoglobin 
removed during 18 weeks is 504 gm., and allowing a base line output 
of 15 gm. per week, or 270 gm. hemoglobin, for the 18 weeks, we 
observe a net production of 234 gm. hemoglobin as compared with 
the theoretical of 210 gm. hemoglobin. If we use a basal output 
of 16 gm. hemoglobin, the figures for actual and theoretical hemo- 
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globin return are almost identical. We may say that within the 
uncontrollable physiologic variations this experiment shows a 
quantitative return or regeneration of hemoglobin due to Fe given 
intravenously. 


TABLE 5.—CoLLoIpAL IRON INTRAVENOUSLY. QUANTITATIVE HEMOGLOBIN OvuTPUT 
Durinc 8 WEEKS. 
Dog 30-117. 


Blood, Hemo- 


1: wast conn, | We | | RBC.,| 
Food, grams per day = ce - level, bled, 
Bread, 450; salm., 100; KI., 40 100 15.4 945 1.5 18 : 3 
Fe, 50 mg.; br., 450; salm., 100; K1.,40 100 15 S14 19.4 
Fe, 50 mg.; br., 450; salm., 100; K1.,40 100 15.0 854 71.2 
Bread, 450; salm., 100; KI., 40 100 14.8 S46 6.5 67 61.6 
Bread, 475; salm., 100; KI., 40 100 14.7 891 §.1 70 27 .0 
Bread, 475; salm., 100; KI., 40 100 14.9 903 5.3 9 19.2 
Bread, 475; salm., 100; KI., 40 100 15.1 95S +.9 51 24.4 
Bread, 475; salm., 100; Kl., 40 100 15.1 956 Be, 64 88.5 
Bread, 475; salm., 100; KI., 40 100) =—-:15.0 952 79 36.6 
Bread, 475; salm., 100; KI., 40 100 15.1 944 :.5 18 1.1 
Bread, 475; salm., 100; K1., 40 100 15.4 994 1.9 63 25.1 
Bread, 475; salm., 100; KI., 40 100 15.6 957 5.0 57 22 .3 
Bread, 475: salm., 100; KI1., 40 ‘ 100 15.4 974 5.1 50 23 .4 
Bread, 475; salm., 75; Kl., 40 100 15.8 1017 5.2 44 19.2 
Bread, 475; salm., 75; Kl., 40 100 15.8 1033 15 15 10.1 
Bread, 475; salm., 75; Kl., 40 100 15.7 994 7 16 1.2 
Bread, 475; salm., 75; KIl., 40 100 15.0 952 5.2 53 24.0 
Bread, 475; salm., 75; KI., 40 100 15.1 959 5.1 47 18 4 
Bread, 475; salm., 75: KI., 40 100 15.3 96S 1S 15 1.3 
Total 503.7 
rotal Fe 700 mg 210 gm. Hb 
Basal output 15 gm. Hb. per week; 18 weeks 270 gm. Hb 
Theoretical return 210 + basal output 270 iSO gm, 


If we examine Table 5 in more detail, we see that even the very 
active bleeding during the period of Fe injection does not keep the 
anemia level down to the base line, and it requires a 6 weeks’ after- 
period to reduce the surplus “carry over”’ related to the Fe stored 
in the body and utilized in this emergency. The protein building 
stones needed for the globin part of the hemoglobin must come 
from the salmon bread or from body stores. It is significant that 
the combination of this same dose of intravenous Fe plus 300 gm. 
liver fed daily for the same 2 weeks does not cause any increase 
in the total hemoglobin output (Table 6, Dog 30-117). It would 
seem that this reaction is about the top limit for hemoglobin pro- 
duction in these standardized dogs beyond which no added factors 
have influence. It is not unreasonable to suppose that the hemo- 
poietic apparatus of the dog has a limit to its productive capacity, 
and under these conditions that limit is presumably reached. 
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TABLE 6.—IRON BY VEIN AND ALMOST QUANTITATIVE HEMOGLOBIN OvuTPUT. 


Control hemoglobin 
eae Theoretical Ratio of actual output 
hails Hemoglobin hemoglobit Hb. output to 
output, return from theoretical 
gm by vein, Hb. output Iron Liver 
ns gn 10 me 300 gm 
laily, oral daily 
30-114 17 33 142 99 
27-238 17 59 71 83 6 
27-238 20 104 24 
27-234 20 Sl “4 Q7 109 
27-239 20 95 90 
»4—S9 21 OS SS 111 
27-238 29 O4 121 7s 63 
27-236 $2 167 134 125 77 
30-117 137 134 100 
27-238* 32 151 134 113 
30-117 50 25S 209 114 99 
30-117t 50 195 209 93 


* Dog. 27-238— Fe, 400 mg., daily by mouth in addition to intravenous Fe 
+t Dog 30-117—Liver, 300 gm., daily by mouth in addition to intravenous Fe. 


Table 6 shows a number of satisfactory experiments with colloidal 
iron given intravenously. Moreover, some of the experiments show 
such large doses of Fe that the “carry over”’ effect lasts 6 weeks 
bevond the period of intravenous Fe injection (compare Table 5). 
Obviously all the iron is carefully saved and eventually appears as 
new hemoglobin. The tremendous amount of protein building 
material needed to form the required globin is produced without 
apparent difficulty and comes either from the salmon bread or 
body stores. It appears that about 70 gm. hemoglobin per week, 
or 10 gm. a day, is about the absolute maximum hemoglobin pro- 
duction for these dogs under these conditions. When we recall 
that about 10 gm. hemoglobin per week is a high average for these 
dogs on the basal salmon bread diet, this peak production of 10 gm. 
hemoglobin per day should excite our admiration for the flexible 
machine which we call the hemopoietic svstem. 

Actual hemoglobin output, compared with theoretical hemoglobin 
output based on the iron given intravenously, is an interesting figure 
(see Column 5, Table 6). This average percentage is 105, with 
‘maxima and minima of 125 and 78%. This should seem to indicate 
that these anemic dogs conserve all the Fe given intravenously, 
and within a period of 6 to 8 weeks return every last bit of it as new- 
formed hemoglobin. In figuring this average for Table 6 we did 
not include the first figure (Dog 30-114), where a small dose of iron 
gave an apparent return of 142% which might indicate some physio- 
logic stimulus; when the amount of iron administered is quite small 
the physiologic variables may introduce large errors and it did not 
seem wise to include this in an average. 
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TABLE 7.—IRON BY VEIN AND THE INFLUENCE OF SPLENECTOMY AND THE Eck 
FISTULA. 
Theoretical Ratio of actual Control 
— pte Hemoglobin hemoglobin Hb. output to 
No. output return trom theoretical Liver Remarks 
gn by vei Hb. output 300 gm 
ne gm daily 
29 50 101 209 ts Splenectomy 
30-115 50 126 209 60 11S Splenectomy. 
30-61 50 120 209 52 $2 Eck fistula. 
26-124 50 112 209 4 SS Eck + splen- 
ectomy. 


Table 7 shows that large doses of iron given intravenously are 
not conserved as effectively by the splenectomized or the Eck fistula 
dogs as by the normal animal. That splenectomy lessens the 
capacity of the dog to conserve intravenous iron is perhaps not 
surprising, as we eliminate a considerable portion of the cells which 
make up the reticulo-endothelial system. As the colloidal iron is 
not completely taken up, we must assume that it is lost to the body 
probably by way of the intestine. 

It is more difficult to explain why the Eck fistula does not utilize 
efficiently the iron given intravenously. Combining the Eck with 
a splenectomy apparently does not further decrease the utilization 
of intravenous iron. In the Eck fistula the portal blood is shunted 
direct into the vena cava so that it does not flow through the 
liver. The blood flow through the liver is about one-third normal 
and only by way of the hepatic artery, so that the Kupffer cells 
cannot be active as usual in the removal of material like colloidal 
iron. On the other hand, the Eck fistula liver is smaller than nor- 
mal and functionally inefficient in many ways so that one may choose 
to explain the lowered hemoglobin output on this basis. Further 
work touching this point will soon be published. 

Discussion. ur thesis relative to iron utilization in anemia in 
the healthy dog reads about as follows: Iron given intravenously 
to a normal anemic dog will be eagerly utilized to form new hemo- 
globin practically on a quantitative basis, 10 mg. Fe = 3 gm. hemo- 
globin. Therefore, in the same dog under certain conditions we 
may estimate the amount of absorbed iron (coming from the intes- 
tine) from the amount of new-formed hemoglobin. It may be 
argued that iron given intravenously is different from iron coming 
into the portal vein from the intestine, but the weight of evidence 
favors the belief that in this emergency, due to anemia, the healthy 
dog will utilize quantitatively the Fe as it comes into the circulation 
just as under similar circumstances it utilizes quantitatively!’ hemo- 
globin given intravenously to rebuild new hemoglobin for red cells. 

Assuming that under these conditions new-formed hemoglobin is 
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a reasonably accurate measure of Fe absorbed from the intestine, 
we may calculate the ratio of Fe ingestion to new hemoglobin 
production. For the optimum dose of iron (40 mg. daily) this ratio 
will be about 3 to 1, or a 35°% utilization of ingested iron. For 
larger doses of iron (400 mg. daily) this ratio will be about 20 to 1, 
or a 5.3% utilization of the iron given by mouth. This is to be 
compared with the 10 to 1 ratio for the feeding of whole blood 
cells by mouth—for 10 gm. of hemoglobin fed there is a return of 
only 1 gm. of new hemoglobin in the standard dog.'” 

Standard salmon bread feeding is of considerable interest (‘Table 4) 
and we may compare the hemoglobin output with the intake of food 
iron contained in the bread. The figures show that the salmon 
bread iron gives a 40% utilization of this iron. 

When we consider liver feeding the problem becomes more 
complex and there is no parallelism between iron content of liver 
and its potency for new hemoglobin production. Liver ash may 
account for nearly one-half the potency of whole liver, but other 
salts besides iron are concerned and certainly protein complexes 
or intermediates are important. On the average, liver feedings 
show that the dog utilizes about 44% of the Fe contained in normal 
pig liver in the production of the new-formed hemoglobin. 

If one is driven to a generalization it would be that moderate 
doses of soluble iron salts or food iron contained in salmon bread 
or pig liver are utilized to about the same degree by the healthy 
anemic dog, that is, a 35 to 45% utilization. One must admit that 
there are many organic and inorganic factors as well as iron which 
influence hemoglobin production in anemia and any dogmatic gen- 
eralizations about “food iron” are not safe. One finds many 
strong statements about “food iron’’ in the literature, and perhaps 
these writers are to be commended for their courage. Those who 
believe that “food iron” and its absorption are relatively simple 
questions are perhaps happy in that state of mind, but the structure 
of their argument is a frail refuge against the storms of adversity. 

Furthermore we have observations to show that infection and 
intoxication will modify internal metabolism and limit the output 
of hemoglobin in anemia. Bile secretion will also modify the pro- 
duction of hemoglobin in this type of anemia and these experiments 
are soon to be published. Table 6 shows that the Eck fistula and 
splenectomy may modify reactions to Fe given by vein. 

Flexibility is a word which applies to the internal pigment metab- 
olism of the anemic dog, and it must always excite our admiration 
even if it is the despair of students in this field. The standardized 
anemic dog has a uniform output of hemoglobin per week, while on 
a standard ration of salmon bread—also a uniform reaction to the 
administration of iron salts and there is about a 35 to 40% utilization 
of the contained iron whether inorganic or food iron. When iron 


~~ 


I. IRON AND ITS UTILIZATION IN EXPERIMENTAL ANEMIA 2 


is given intravenously we observe a quantitative return, even when 
enormous doses are given, and the body finds the needed building 
material to supply the globin—a protein making up about 95% of 
the hemoglobin molecule. When an anemic dog is fasted and given 
iron intravenously the dog will form large amounts of hemoglobin, 
and much of it must come from body protein stores. It has been 
shown in this laboratory? that a considerable part of this new 
hemoglobin is formed by conservation of material which under 
control fasting conditions would be wasted as urea in the urine. 
Again, we may give amino acids or organ fractions almost free of 
iron and cause increased hemoglobin production by the anemic dog. 
Now the dog must draw Fe from depleted stores or utilize the food 
iron even more completely. We have found it possible to reach the 
end of the iron stored in the body and observe a fall in hemoglobin 
production under such conditions (Table 24, accompanying paper) 
but the iron conservation within the body must be truly remarkable. 

Summary. Iron given intravenously to these standard anemic 
dogs, in large or small doses, will be returned quantitatively as new- 
formed hemoglobin on the basis of 10 mg. Fe = 3 gm. hemoglobin 
(Table 6). 

When iron is given by mouth to these standard anemic dogs the 
influence on hemoglobin production is not proportional to the 
amount of iron administered. An optimum dose of iron (40 mg. Fe 
per day for 2 weeks, or 560 mg.) will give a net output of about 
55 gm. hemoglobin, and this means about a 35% utilization of the 
iron given. With larger doses the hemoglobin output increases a 
little, and with 400 mg. Fe daily the net output would average 
about 95 gm. hemoglobin, or about a 5% utilization of the iron given 
by mouth. 

Iron contained in salmon bread under certain conditions may be 
utilized by these anemic dogs up to about 40% to produce hemo- 
globin. Iron in the normal liver when fed may show a 45% utiliza- 
tion of this tissue iron. 

When liver feeding is combined with iron feeding, there is a 
definite summation effect (Table 3). 

When intravenous iron in large doses is combined with liver 
feeding or iron by mouth, there is no evidence of summation 
(Table 6). This probably means that the top functional capacity 
of the body to produce hemoglobin has been reached— about 
10 gm. hemoglobin output per day. 

Iron salts are utilized with equal facility by the dog to produce 
hemoglobin when given by mouth in the ferrous, ferric or reduced 
state. The determining factor is the amount of the iron metal. 

The Eck fistula and splenectomy lessen the capacity of the anemic 
dog to conserve and utilize iron given by vein to produce new 


hemoglobin (Table 7) 
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THE most significant point to be made in this paper is the rapid 
turnover of tron coming in from the intestines in these standard 
anemic dogs. It may be accepted without debate that the liver 
is the main storehouse for iron in the normal dog, for although the 
spleen may contain as much or more per gram tissue weight, the 
liver mass is about 10 times that of the spleen. Furthermore, 
the liver is a storehouse for materials which may be used in various 
anemic states to further the construction of new red cells and 
hemoglobin. What more logical hypothesis can be argued than 
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that the liver is active in producing intermediates which go into 
the manufacture of the large hemoglobin molecule?) How much 
of this assembly of intermediates might go on in the liver or bone 
marrow would be a matter of debate. 

With this reasonable hypothesis we expected confidently that 
in bloodfree organs depleted of iron stores by anemia, it would be 
possible to demonstrate some store of iron following a single dose 
of iron citrate by mouth. With the large doses given, one could 
assume with confidence the absorption of not less than 20 mg. Fe 
per dose which should be readily demonstrable in the liver if it is 
detained there during the elaboration of intermediates. No such 
temporary storage can be demonstrated (Tables 1 and 2). With 
repeated doses of Fe by mouth some liver storage of iron can be 
demonstrated but it is always small and represents usually an 
insignificant amount of the intake. It would be rash to say that 
this iron has no contact with the liver, but its contact must be 
fleeting and it seems probable that in the anemic dog under favor- 
able conditions the badly needed iron is turned over in the internal 
metabolism with speed and dispatch, appearing at its ultimate 
destination as finished hemoglobin in the short interval of 24 to 
1S hours. 

The red bone marrow as viewed by the physiologist has a most 
unfortunate makeup and location. It is scattered all through the 
bone skeleton, and iron analyses are complicated by this abundance 
of bone with its calcium and phosphorus. Its mass in these dogs? 
amounts to about two-thirds the weight of the liver and it is most 
difficult of perfusion. Large errors must come in as we attempt to 
estimate the amount of iron in the marrow and even more when we 
would differentiate between hemoglobin iron and parenchyma iron. 
Before this matter is settled we must perfect our methods of assay 
and measurement. When we are trailing an elusive element like 
iron we may liken the red marrow to a jungle in which this metal 
may promptly take refuge from the hunter and even change its 
form (into hemoglobin) to avoid detection. 


Methods. Adult dogs in good physical condition were used in all of 
these experiments. The animals were made anemic by blood withdrawal 
using a hypodermic needle and were then maintained at a hemoglobin 
level of 4 to 4 normal for at least 2 months to exhaust completely the iron 
reserves. During this time frequent blood samples were taken and red 
cell percentages and hemoglobin content were followed. The acid-hematin 
method" was used in the latter determination, 100°7, hemoglobin being 
taken as 13.8 gm. per 100 ml. blood. Plasma and blood volume determina- 
tions by the Brilliant Vital Red dye method® were made at intervals of 
about a week. Unless otherwise specified, the animals were finally placed 
on a diet of low iron content for at least 1 week prior to the testing of the 
material, in order to eliminate the effect of iron which might have been 
taken in with the kennel ration of hospital table scraps on which they were 
maintained during the initial period. This low iron diet consisted of white 
bakers’ bread, canned salmon, “Klim” (a skimmed milk powder), and 


: 
3 
3 


26 HAHN, WHIPPLE: IRON METABOLISM 


water; the amounts of each constituent being varied somewhat to meet 
the individual needs of the dogs. The daily iron intake on this diet was 
about 5 mg. When such a diet was employed for periods of more than 
2 weeks, cod-liver oil and a salt mixture (McCollum and Simmonds without 
iron) was added to it in order to prevent the onset of deficiency disease. 

The dogs were subjected to perfusion approximately 24 hours after the 
last administration of the material to be studied. This perfusion is described 
in detail by Whipple" elsewhere. Briefly, it involves infusion, under ether 
anesthesia, of a warm glucose-Locke’s solution in a cannulated jugular vein 
while blood is removed simultaneously at an equal rate from a cannula in 
one of the carotid vessels. As the heart begins to fail, adrenalin is injected 
with the infusing solution. When the heart stops, perfusion is discontinued. 
The viscera are promptly removed, sections are taken for histologic exam- 
ination, and after rinsing in Locke’s solution they are wrapped in towels 
soaked in the solution and placed in the refrigerator for 3 to 4 hours. 

In some cases samples of muscle were analyzed for muscle hemoglobin. 
For this procedure samples were used as soon after the autopsy as possible. 
The method," in short, consists in mincing 10 gm. of fresh striated muscle. 
Enough 0.49% NH,OH is added to make a total volume of 50 ml., and 
with occasional shaking the mixture is allowed to stand about 16 to 20 hours 
in the refrigerator to extract the pigment. It is then filtered through gauze 
and the filtrate is then further filtered through a medium filter paper. The 
final solution should be quite clear. A 10 ml. aliquot portion is treated 
with 4 drops of concentrated HCl, heated to 56° C. in a water bath for 
+ hour, cooled, and filtered. The solution is then compared with an acid 
hematin standard in a colorimeter. 

Preparation for Analysis.* Tissues are ashed by a wet ashing procedure. 
Samples of from 10 to 70 gm. are weighed and transferred to SOO ml. 
Kjeldahl flasks. Two or three samples of each organ are employed. They 
are then allowed to autolyze at room temperature for 24 to 48 hours. 
Forty milliliters of fuming HNO, are added and they are allowed to stand 
about 24 hours. A few glass beads and 20 ml. of concentrated sulphuric 
acid are introduced to the flask and the contents are digested over a mod- 
erate flame until charring first becomes apparent. From this point per- 
chloric acid (60°) is added 2 ml. at a time at frequent intervals with con- 
tinued boiling. If there is danger of the material becoming dry at any 
time, sulphuric acid is added. Digestion is continued until the solution is 
clear and colorless, or a pale yellow turning to colorless on cooling. Boiling 
is continued another 20 minutes, the solution is cooled, 20 ml. of water 
added and heating resumed until the water is driven off. This last step 
may well be repeated. After it has cooled the solution is transferred to a 
100 or 200 ml. volumetric flask by means of water distilled from glass. The 


* Unless specific precautions are taken to prevent it, dry ashing is claimed by 
some to yield pyrophosphates which definitely interfere with the determination of 
iron by colorimetric methods. Pyrophosphates are said not to be produced by wet 
ashing (McFarlane, Biochem. J., 26, 1022, 1034, 1932). 

The color developed by CNS7~ is greatly affected by the pH of the solution. Dry 
ashing with modifications may be preferred by many using the thiocyanate pro- 
cedure as the acid concentration of the final material may be controlled, this being 
difficult with the wet ashing method. In the use of the “iodo-quinoline”’ reagent 
we feel we have control of the pH of the final solution as a result of the precipitation 
and subsequent buffering of the digestion mixture. 

In using the potentiometric titration with titanous sulphate difficulties are en- 
countered to be sure, but it was never felt that these were traceable to the wet ashing 
procedure. 

Large quantities of tissues must be dealt with when the tissues are depleted of 
iron and it was further felt that dry ashing would be applied to such amounts only 
with difficulty. 
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volume is readjusted after cooling and the final solution is stored in con- 
venient bottles. 

Aliquot samples are then analyzed for iron by either the electrometric 
titration with titanous sulphate, or colorimetrically by means of iodo- 
quinolin reagent. As a rule, from 1 to 6 aliquots of each digestion sample 
were analyzed by both methods. 

Potentiometric Titration with Titanous Sulphate.* Aliquots of tissue 
digests and standards (standard solution made by dissolving standard iron 
wire in dilute H.SO,; 20 ml. of dilute solution equivalent to 1 mg. Fe) 
are carefully pipetted into 125 ml. Florence flasks and 7 ml. of concentrated 
sulphuric acid added. The contents are then brought to a boil over an 
open flame, and with constant rotation are kept at the boiling point for 
at least 2 minutes following the appearance of dense white fumes. Care 
must be exercised that the volume does not fall below about 5 ml. After 
cooling about 25 ml. of 20°, H.SO, (O.-free, stored under N.) are added; 
they are covered with small watch glasses and placed on the steam bath 
overnight. 

Titration with dilute titanous sulphate solution (about 3 ml. equivalent 
to 0.05 mg. iron) against a potentiometric indicator is then carried out 
under an atmosphere of CO,, the flasks containing the samples being 
immersed in a water bath at 90 to 100° C. and constantly shaken by means 
of a motor through an eccentric lever. The titanous solution is stored under 
an atmosphere of N, and is supplied to the burette much as originally 
described by King and Washburne.’® Daily standardization of this solution 
is essential. 

When used for the determination of such small amounts of iron as was 
occasionally necessitated, this method was not as satisfactory as might 
be wished. However, it gave better results in the writer’s hands than did 
the colorimetric thiocyanate or thioglycollic methods, and seems to be the 
best method for analysis of materials high in Ca and P, in conjunction with 
wet ashing. 

Lodo-quinolin (“Fe rron’’) Colorimetric Method. This procedure was sug- 
gested by the comparator method of Yoe.'® It has been adapted to the 
use of the colorimeter but such use demands that the standard and unknown 
samples be nearly equivalent in iron content since the color developed does 
not have the same quality at widely different concentrations. This necessi- 
tates a preliminary trial determination to find the proper aliquot of the 
sample digest to be used. The color developed is quite stable as contrasted 
with the thiocyanate and thioglycollic iron salts, and the reaction is very 
sensitive. 

Aliquots of the tissue digests such as will contain about 0.1 mg. of iron, 
and corresponding standards are pipetted into 100 ml. centrifuge tubes. 
A drop of 30% H,O, is added with shaking and a drop of phenolphthalein 
indicator solution introduced; 40°) NaOH is added drop by drop with 
shaking until the solution is decidedly alkalin, and the sides of the tube 
are washed down. Thorough mixing is essential at this point to avoid 
stratification later. The solutions are then allowed to stand overnight. 
After stoppering with corks and balancing in hangars, the solutions are 
centrifuged at about 2500 r.p.m. for 35 minutes. Six unknowns and dupli- 
cate standards are easily accommodated in this way. Following removal 
from the centrifuge (without excessive jarring) the supernatant liquid is 
poured off and discarded. Two milliliters of 0.666 N HCl are added to 
dissolve the ferric hydroxid precipitate and the sides of the tube are 
washed with 10 ml. of water. A little vaselin is applied to the tips of 
the tubes and the supernatant liquid is decanted into 25 ml. volumetric 


* The writers are deeply indebted to Dr. 8. H. Bassett of the Department of 
Medicine for many invaluable suggestions regarding this method. 
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flasks. The sides of the tubes are washed with 5 ml. of M5 potassium acid 
phthallate, and this added to the flask. This last washing is repeated with 
another 5 ml. of solution.* After shaking, 1 ml. of a 0.2°, aqueous solution 
of 7-iodo-8-hydroxy-quinolin-5-sulphonic acid is added and the solution 
made up to volume with water. The colors are then matched in a colori- 
meter. It was found that a Corning “Signal Red”’ filter was of assistance 
in making the readings. With the standard solution set at 15 mm. the 
unknown should read between about 14 and 16 mm., otherwise the correct 
aliquot should be calculated and the determination repeated. 

This method checked well with the electrometric procedure and was 
much more dependable, in general. The electrometric procedure, however, 
is highly preferable for samples containing large amounts of Ca and P. 


Experimental Observations. We wish to point out the importance 
of blood-free organs in this type of experiment. The tables below 
show very small changes in iron content of the viscera and the 
presence of small amounts of red cells and hemoglobin would 
obscure completely any such changes. A’ successful experiment 
with viviperfusion reduces the red cell hematocrit to less than 1%, 
or about 1 to 2% of the normal red cell hematocrit in the dog (50%). 
These figures given for the terminal sample at the end of the per- 
fusion are actually too high, as the packed red cells are mixed with 
a variable amount of calcium oxalate which increases the bulk of 
the material read as packed red cells. The blood at the end of the 
perfusion is a delicate pink and the blood does not clot so that the 
organs, removed promptly and placed in a moist cloth, will drain 
practically free of this greatly diluted blood. The lungs are usually 
snow white, or a delicate pale gray if the dog has inhaled coal dust 
or dirt during its life. The spleen presents a pale red color but the 
liver is a pale buff color. The pancreas is white and the intestines 
a very pale brown color. The kidneys are a pale brown color in the 
cortex with almost white pyramids. The rib marrow presents a 
pale red color. The muscles present the normal color due to the 
presence of the muscle hemoglobin. 

We may ask concerning the error due to contained blood if the 
tissues and organs are not perfused in this way. The normal dog 
with a red cell hematocrit of 50% shows about 20 gm. hemoglobin 
per 100 cc. blood or 67 mg. Fe per 100 ce. whole blood or 50 ce. 
packed red cells. That is, 1 cc. packed red cells contain more than 
1 mg. Fe. After this viviperfusion, 100 cc. whole blood contains 
about 1 mg. Fe and the blood does not clot and will drain off well. 
The error introduced by this dilute blood after perfusion must be 
very small and actually within the method accuracy for iron 
analysis. 

Gravity perfusion of viscera after death has been used by some 
workers but it is quite unsatisfactory and introduces large errors. 

* The use of HCl-potassium acid phthallate buffer to provide a solution pH of 
about 2.6, near which the color development is a maximum, was suggested by Dr. Yoe 


in a personal communication to P. F. H. He also proposes the name “ Ferron”’ 
for the 7-iodo-8-hydroxy-quinolin-5-sulphonic acid reagent. 
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The red blood cells cannot be washed out with anything like com- 
pleteness and edema develops promptly. By the viviperfusion 
method edema may develop toward the end, but it is slight and 
does not introduce significant errors. The pancreas is usually 
first to show this edema. 

The spleen and marrow are exceptions, and even with perfect 
technique of viviperfusion these tissues contain some red cells 
within the sinusoids where the circulation is so inactive. From 
extractions and analyses of spleen the contained hemoglobin will 
account for about one-third of the iron found by analysis, and it 
is probable that the red marrow contains something like the same 
amount of hemoglobin after viviperfusion. 

Histologic sections were studied in all these cases and give some 
help. After perfusion the spleen contains more mature red cells 
than does the bone marrow, and the red cells are found both in 
the vascular spaces and interstitial spaces. The picture in the 
spleen is pretty constant histologically. The perfused marrow 
shows more variety in its area and general makeup, but on the aver- 
age appears to contain fewer mature red cells than the spleen. 
Nucleated red cells of various types are numerous but their contained 
hemoglobin is much less, of course, than in the mature cells. The 
red marrow therefore probably contains proportionately less hemo- 
globin iron than the spleen because the marrow shows a higher 
total iron than any other tissue per gram weight in the anemic 
dog. More study must be given to these points. 


TABLE 1 IRON CONTENT OF BLOOD-FREE TissuES OF ANEMIC Dogs. RAPID 
TURNOVER OF IRON. 


Anemia Iron intake Meg. Fe per 100 gm. fresh tissus 

32-44 50-60 12 400 meg. Fe orally l 1.4; 8.6 5.1 2.6, 2.4 2.5.4.5 7 
32-374 50-60 12 1000 mg. Fe orally 2 1.9) 8.7/5 
33-190 10-50 S 400 mg. Fe orally 7 >.0)11.2'7.2'2.1) 1.6 6 3.5 S 
27-235 10-60 250 400 me Fe orally 5 §17.8)10.4 2.1) 1.1 |2.913.0 3 
33-85 10-60 24 Limited diet (Table 4 1.7) 7.9 1.2; 0.7* 2.6'3.1/5.2 
33-325 10-55 9 Liver 1.3; 9.4 1.7 3.3 3.3 2.9 
33-92 10-55 12 53 me. Fe. intraven 2 18.1;49.8 4.9 2.1 1.8 2.7 
33-1 50-60 11 108 mg. Fe intraven 2 2.8) 75.2'4.7/2.2| 1.2 |2.1|3.3/3.1 


* Edema 


Lungs contain a little more parenchyma iron than liver, kidney 
and pancreas— an average of not less than 3 mg. Fe per cent. These 
lungs are especially completely perfused as the capillaries are larger 
and the histologic sections show complete absence of red cells. 
There are no organic pigment deposits and intravenous iron does 
not cause any increase of this lung parenchyma iron. There are 


vot, 191, No. 1 JANUARY, 1936 2 


4 

q 


30 HAHN, WHIPPLE: IRON METABOLISM 


some dust deposits in lungs and this material may contain some 
iron. Some substances related to oxygen transfer may be respon- 
sible for this excess iron. Two dogs (32-374 and 33-85, Table 1) 
show iron figures above normal, but nothing unusual was made out 
by histologic study to account for this excess. 

Table 1 gives the iron content of various perfused tissues of anemic 
dogs on definite diets with a known intake of iron by mouth. 
Table 3 should be compared with Table 1 to give an essential base 
line. The various experiments listed in Table 1 are described in 
sufficient detail in the clinical histories of the various dogs which 


follow Table 1. 


Clinical Histories. Dog 32-44, a fat, moderately active female mongrel 
terrier, weighing 19 kilos (Tables 1 and 2), had been maintained by suit- 
able bleeding at a hemoglobin level of 50 to 60% (100° = 13.8 gm. hemo- 
globin per 100 ml. blood) for a period of 3 months. During this period the 
diet consisted of hospital table scraps. There followed a week's feeding 
of a white bread diet low in iron (see Methods). With the last day’s 
ration there was incorporated 400 mg. of iron in the form of ferric citrate. 
After 22 hours the animal was perfused as described above. The final red 
cell hematocrit at the end of the perfusion read 0.4%. On analysis there 
was no evidence of iron having been stored in any of the tissues examined, 
even though this amount of iron by mouth in the anemic dog would result 
in the eventual production of 6 to 7 gm. hemoglobin. The iron content of 
the various tissues may be looked upon as being within the limits of control 
base line values (Table 2). 

Dog 32-374, a large, inactive, lean male mongrel hound, weighing 
20 kilos (Tables 1 and 2), had been maintained by suitable bleeding at 
a hemoglobin level of 60 to 80% for 2 months, followed by a period of 
3 months at a level of 50 to 60% hemoglobin. During this whole time the 
diet had consisted of the regular kennel ration of hospital table scraps. 
The usual white bread diet low in iron was fed for 1 week and was supple- 
mented during an additional 2 days with 1 gm. of iron per day, given as 
ferric citrate. As before the animal was perfused 24 hours following the 
last feeding. The final red cell hematocrit at end of perfusion read 0.4%. 


TABLE 2.— WEIGHTS OF ORGANS OF PERFUSED ANEMIC Docs AND Tota. IRON 
CONTENTS. 


Liver Spleen Kidneys Heart Pancreas Lungs 
Dog No wt., 
Wt., Iron, | Wt., Iron, Wt. Iron, Wt., Iron, Wt., Iron, Wt., Iron, kilos 

gm mg gm. mg. gm. mg. gm. mg. gm. mg. em. me 
32—44 450 6.3) 51 4.4 72 1.9 136 3.4 37 0.9 121 4.5); 19 
32-374 523 10.0) 47 4.1; 61 8.7) 20 
33-190 260 13.0) 47 5.3 60 1.3 110 4.0 25 0.4; 11 
27-235 455 81.0) 57 | 5.9,109|2.3 3.9; 38 14 
33-85 $25 40 3.2 100 1.2 176 4.6 107* 0.7135 7.0, 15 
33-325 215 2.8) 18 50 0.9 104 3.4 28 72'2.1 10 
33-92 325| 58.8) 55 27.4) 36 0.6'102'2.7; 12 
33-1 . . '390 104.5) 40 30.0 80 1.8;106 2.2 35 95. 2.9) 13 


* Edema. 
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This amount of iron fed to an anemic dog (32-374) could cause 
the production eventually of not less than 13 gm. new hemoglobin, 
the equivalent of 44 mg. Fe which presumably would have been 
absorbed. Forty-four milligrams Fe should be readily recognized 
in these bloodfree organs if it is stored. We see (Table 2) that the 
liver contains 10 mg. Fe, a little more than the average base line. 
The spleen contains 4.1 mg. Fe, but if we deduct one-third for con- 
tained red cells we have but 2.8 mg. Fe for parenchyma iron. The 
bone marrow iron, of course, must be estimated with possible errors 
of some magnitude. We may say that one-third of the rib is red 
marrow and very little iron is found in true bone which triples the 
value of the iron contained in rib marrow, as the figures given 
are for the whole rib. The marrow volume’ will be about two-thirds 
that of the liver and we should allow about one-third for Fe con- 
tained in red cells within marrow sinusoids. This dog (32-374) 
therefore would have about 38 mg. parenchyma Fe in its total red 
marrow —or a total of 51 mg. Fe in liver, spleen and marrow. The 
44 mg. Fe presumably absorbed should be readily detected but this 
is contrary to fact. It would seem that either this iron is held in 
body fluids including plasma and corpuscles, or that there is a very 
rapid turnover of iron in this emergency with the iron reaching its 
ultimate goal in the hemoglobin of the red cell very promptly. 


Dog 33-190, an extremely active female Boston bull terrier, weighing 
11 kilos (Tables 1 and 2), following an anemia period of 2 months’ 
duration at a level of 35 to 50°, hemoglobin was placed for 1 week on the 
white bread diet low in iron. After this bread week, 400 mg. of iron per 
day were added to the diet in the form of ferric citrate, this supplement 
being continued for 7 days. During this last week the dog was not bled 
except for sampling, which was quite frequent in order to determine the 
time of appearance of new hemoglobin in the blood stream. 

The dog was perfused 48 hours after the last feeding. The final red cell 
hematocrit after perfusion read 0.9%. The blood picture and hemoglobin 
production of the dog at various intervals during the 2 weeks may best be 
seen in tabular form, 


Hb Plasma Blood Circulating 
level vol vol Hb 
Doa 33-190 (%) (ml.) (ml.). gm 
At start of iron feeding . 39 745 910 49 
At end of iron feeding (pe fasion) 62 725 1,045 +» 89 
Increase in circulating Hb. : 40 
Hb. removed in sampling 6.5 
Hb. produced due to basal diet ; ' 6+ 
Total net Hb. production due to iron feeding — co 


In Dog 33-190 the amount of hemoglobin produced on the white 
bread diet poor in iron is not known but is given as an average 
figure—6+ gm. hemoglobin per week. The accompanying paper 
shows that the anemic dog fed 400 mg. Fe daily will put out about 
45 gm. hemoglobin per week. This dog inc reased his store of circu- 
lating hemoglobin above the output due to the basal diet by about 
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40 gm. hemoglobin and has in reserve in his liver, spleen and marrow 
about 20 mg. Fe above the control values for these blood-free tissues. 
This amount of reserve iron could account for 6 gm. hemoglobin. 

In Dog 33-190 (Tables 1 and 2) it is obvious that there is a very 
rapid turnover of the iron coming in with the food, and evidence 
of a little surplus storage of iron in the liver (9 mg.), spleen (1.3 mg.) 
and marrow (S+ mg.). We emphasize again that the figures for 
red marrow are only approximations which are given for what 
they are worth. How many of the immature red cells may be 
washed out of the red marrow by the viviperfusion method used 
we cannot say, nor can we estimate with any accuracy the paren- 
chyma iron held in marrow cells or tissues. 

The parenchyma iron (Dog. 33-190) for other viscera and stri- 
ated muscle fall within normal control limits. The heart muscle" 
is a little higher than normal and may be accounted for by the 
unusual activity of this dog. 

Dog 27-235, a rather inactive adult female mongrel bull terrior, weighing 
14 kilos (Tables 1 and 2), had been in the anemia colony of this laboratory , 
for 7 years and had been maintained at an anemia level of 40 to 60° 
hemoglobin for the past 5 years. The dog was placed on the white bread 
low iron diet for a period of 8 weeks, followed by a fasting period of 2 weeks 
to assist in depleting the iron stores. The diet was resumed for 1 week, 
was supplemented for 5 days with 400 mg. of iron as ferric citrate each day, 
and 18 hours later the animal was perfused. The final red cell hematocrit 
after perfusion was less than 2.967%. The blood picture during the last 
few weeks of the experiment follows: 


Hb Plasma Blood Circulating 
level vol vol Hb 
Doc. 27-235 / ml ml.). gm.) 
At beginning of fast 16 640 840 
Atendoffast. ... 50 620 S15 
At start of iron feeding ; t] 785 1,000 56 
At end of iron feeding 70 630 905 SS 
Increase in circulating Hb. 32 
Hb. due to basal diet 5.4 
Total net Hb. production due to iron feeding 26.6 


Dog 27-235 shows a net hemoglobin output of 26.6 gm. hemo- 
globin, which may be related to the large doses of iron given in the 
5 days before the perfusion. This same dog had been carefully 
standardized during its stay in the anemia colony. It was rated 
as above average in its capacity to form new hemoglobin on various 
diets. With 40 mg. Fe given during 2 weeks its hemoglobin output 
was 44 gm. hemoglobin, and with 300 gm. liver given daily for 
2 weeks its output was quite high—127 gm. hemoglobin as com- 
pared with the average value of 95 to 100 gm. hemoglobin. 

Dog 27-235 shows a net hemoglobin production of 26.6 gm. 
and contains some excess storage of iron in liver and spleen which 
would represent more potential hemoglobin production. The 


HAHN, WHIPPLE: IRON METABOLISM 


spleen and liver together (Table 2) contain about 74 mg. Fe above 
the control level and we may say this is equivalent to 22 gm. hemo- 
globin. If we add this to the 26.6 gm. hemoglobin production we 
have about 49 gm. hemoglobin produced and in reserve, which we 


can state is due to the feeding of 2000 mg. Fe during the 5 days 
recorded. The average return for this intake of iron would be 33 gm. 


hemoglobin for 5 days, but this dog is more active than the average 
and might put out during 1 week iron feeding of 400 mg. Fe daily, 
15 to 60 gm. new hemoglobin—compare with the result of liver 
feeding. The question of reserved storage and intestinal absorption 
comes in and we have, unfortunately, no figures for the red marrow 
iron content, so we must not push this analysis too far. 


Taste 3. Iron Conrent or Perrusep Tissues oF NorMAL Dogs on VARIOUS 
Diets (Arrer BoGNiarp AND WHIPPLI 


he mg. per 100 g: of perfused fresh tissue 
Dur 
Dog No tior 
30-174 Standard salmon bread 1 20.4 38.0 22.8 4.7 2.4'6.5 6 10.2 
30-250 Standard salmon bread 21 22.7 2.6'3.7 6.7 
30-125 Kennel + iron (500 mg 1 17.1 86.8 17.5 4.0 1.6 ! 13 
30-1038 Liver (8300-450) + meat 30 30.3 46.1 14.4 5.4 2.0 4.0 2.4 6.1 
and bread 
10-270 Carrot and mush 25 ‘2.2 83.6'14.9'5.0:3.2 9 5.5 
X-2S06 Kennel 13.9 23.3 0 3.4 
X-28S4 Kennel 00+ 25.7'37.8 ] 
Avera ges 24.6 46.5 15.0 4.6 2.1'3.9 3.7 6.9 


IRON ContTentT Or Perrusep Tissues or ANEMIC Dogs. 


30-271* Anemia level 50-60%. 30 4.0) 3.3 
Hb. 

30-257 * Anemia level 50-60°;7 45 6.6) 2.5 3.3) 2.] 
Hb. 


* Diet of bread, milk, rice, potatoes, salmon and onion, until perfusion. 


Table 3 gives for convenient reference the condensed tabulated 
data from the experiments by Bogniard and Whipple. The iron 
storage in various normal dogs on a variety of diets is in conspicuous 
contrast with that of the anemic dogs. It is obvious from the 
experiments in Table 3 and from those given above in this paper 
that an anemic dog is slowly depleted of its iron stored in the liver, 
spleen and marrow. The depletion is not complete as a result of 
1 month’s anemia and even 6 weeks will not completely reduce 
this reserve to the base line beyond which these tissues will not 
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give up iron under any condition of stress. A 2 or 3 months’ anemia 
at about a 50% hemoglobin level will reduce these dogs to a rela- 
tively constant base line for iron contained in viscera, muscles 
and marrow (Table 1). 

It seemed desirable to ascertain just how far the body depletion 
of iron could be carried and whether under these conditions the 
body could form any hemoglobin. It had been found (Table 5) 
that the striated muscle in its total mass contained a considerable 
store of parenchyma iron, and it was suspected that in a great 
emergency the body might draw on this store. It had been observed 
in this laboratory® that the anemic dog, during a 2 weeks’ fast, 
could produce 40 to 60 gm. new hemoglobin which obviously must 
come from materials stored in the body. Furthermore it had been 
found" that certain amino acids given with the salmon bread diet 
would cause a considerable increase in the output of new hemoglobin 
(30 to 40 gm.) in these standard anemic dogs, and obviously iron 
must be drawn from some source to account for this new hemoglobin. 


TABLE 4.—HEMOGLOBIN PRODUCTION IN DoG ON Wuite Breap Low-1rRon Diet. 
Errect or AMINO AcIDS AND FastTING 


Dog 33-85, female, adult, mongrel hound 


Diet periods 1 week each Wt 
Food, grams per day kg 
nl gn 
Wh.Br. 250, salm. 100, Kl. 20 SY 16.9 1,025 3 11.4 
Wh.Br. 250, salm. 100, KI. 20 SS 16.8 9S5 17 1.4 
Wh.Br. 250, salm. 100, KI. 20 100 16.2 995 57 11.1 
Wh.Br. 350, salm. 150, Kl. 20, CLO 10 100 16.6 910 17 1.4 
Wh.Br. 350, salm. 150, Kl. 20, CLO 10 100 965 3) 13.5 
Wh.Br. 350, salm. 150, Kl. 20, CLO 10 75 17.2 1,010 17 10.3 
Wh.Br. 250, salm. 150, KI. 20, CLO 15 82 17.0 945 11 11.0 
Wh.Br. 250, salm. 150, KI. 20, CLO 15 96 16.6 990 13 1.3 
Phenylalanin 1 + glycin 1* 100 17.0 960 16 9.5 
Phenylalanin 1 + glycin 1* 100 16.8 945 36 25.3 
Phenylalanin 1 + glycin 1* 100 16.9 980 2 11 4 
Wh.Br. 250, salm. 150, Kl. 20, CLO 15 100 16.9 1,025 33 11.5 
Glutamie acid 1* 100 1,085 38 1.1 
Glutamic acid 1* 100 17.4 1,010 i4 1.3 
Wh.Br. 250, salm. 150, KI. 20, CLO 15 100 17.3 960 55 2.7 
Wh.Br. 250, salm. 150, KI. 20, CLO 15 100 17.3 970 1S 11.3 
Fasting 0 15.4 SSO 39 s.9 
Fasting 0 13.9 855 18 1.3 
Wh.Br. 250, salm. 150, Kl. 20, CLO 15 S6 14.8 SSO 45 1.3 
Wh.Br. 250, salm. 150, Kl. 20, CLO 15 100 15.4 890 43 1.3 
Wh.Br. = white bread; Kl. = dried skimmed milk; salm. = canned salmon; 


CLO = standard cod-liver oil. 


* Wh.Br. 250, salm. 150, Kl, 20, CLO 15, 
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The experiments in Table 4 are of much interest and show that 
the body iron can be so depleted that the dog will no longer put 
out new hemoglobin during fasting or amino acid feeding periods. 
Under these conditions the body cannot supply or find any reserve 
iron, and in the face of a severe anemia it can produce only about 
enough hemoglobin to make up for the wear and tear of the circu- 
lating red cells. The factor x for red cell wear and tear is an unknown 
but is always present and has called forth much speculation— this 
comprehends the life evcle of the red cell. 

Dog 33-85 (Table 4), a fairly active, slightly fat female mongrel hound, 
weighing 15 kilos, had been maintained at a hemoglobin level of 40 to 
60°, for 3 months on a diet of hospital table scraps. This dietary régime* 
was gradually shifted during a period of 2 months to the white bread diet 
low in iron, the anemia level being maintained. This dietary régime was 
continued for another 2 months, the animal’s standard hemoglobin output 
being determined at the level of 45 to 55°), hemoglobin.'* The last weeks 
of this experiment are outlined in Table 4. The perfusion was done as 
usual and the final red cell hematocrit at the end of the perfusion read 1.7°;. 

Dog 35-85 shows (Table 4) during the tabulated first S weeks on 
this white bread diet low in iron an average weekly output of 
7.5 gm. hemoglobin. It is recalled that a long anemia period of 
about 6 months preceded the experiments in Table 4, during the 
last 2 months of which the white bread diet low in iron was fed, 
so that there could be no assumed iron reserve store. This low iron 
diet contains about 5 mg. Fe in a day’s intake. When phenyl- 
alanin and glycin are given, 1 gm. each per day for 3 weeks, we see 
a definite increase above the base line of about 29 gm. hemoglobin 
including the carry over into the subsequent bread control week. 
When glutamic acid is given there is no increase and actually less 
than the basal output on the bread alone. Fasting causes no 
increase and finally, during the last 2 weeks on the basal bread ration, 
the output is zero or less— that is, the body can form no new hemo- 
globin above the amount needed to make up for wear and wastage. 
Presumably the iron limitation is causing a definite limitation of 
hemoglobin production during fasting. This probably means that 
even on the salmon bread diet there is a little reserve of iron in the 
body which can be used in this fasting emergency, but with a very 
low iron intake and the utilization of the small iron reserve by 
amino acid supplement, this small reserve is exhausted and fasting 
gives no further hemoglobin production. 

In this connection we observe in Table 5 that the parenchyma 
iron of striated muscle (Dog 33-85) is an average normal as is the 
muscle hemoglobin, showing that even in this emergency of extreme 
iron depletion these muscle tissues do not contribute iron to any 
appreciable degree. 

* Dr. F. S. Robscheit-Robbins kindly directed the standardization and amino acid 
feeding of this animal. 
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This dog (83-85) also shows (‘Tables 1 and 2) the expected low 
values for parenchyma iron in the liver and spleen. The values 
for the viscera are similar to others in the same tables and show 
no depletion of iron below the usual base line. The low figure for 
the pancreas (0.7 mg. % Fe) is to be explained by edema. The 
rib analysis unfortunately was lost. 

In this dog (33-85) the spleen was extracted carefully to ascertain 
the amount of Fe contained in red cells held in the spleen sinusoids 
and pulp. The same procedure used for muscle hemoglobin showed 
that about 30% of the total iron was in hemoglobin within red cells. 

Table 5 shows a number of interesting points relating to tissue 
iron within the body. This iron in the striated muscles is about 
equally divided between the muscle hemoglobin and the muscle 
parenchyma, but the parenchyma iron is a little more abundant 
in the heart muscle (57°) and the muscle hemoglobin iron a little 
more abundant in the voluntary striated muscle (59°). Theorell' 
has shown that muscle hemoglobin contains 0.335% iron just as 
does blood hemoglobin, but the muscle hemoglobin molecule is 
much smaller. 


TaBLeE 5.—Muscite HeMoGLoBIN AND Muscie IRON IN BLoop-FREE TISSUES OF 
AneMic Dogs 


Muscle hemoglobin. Muscle tissue, Parenchyma 
Fe by anal be by 
Cale. equiv ysis, mg. per difference 
M per is Fe, mg 100 gr mg. per 
Dog No Muscle LOO gt per 100 gm 100 gt 
32—44 Heart 2.5 
Psoas } 5 
32-374 Heart 2.6 
Psoas 
33-190 Heart 130 1.4 3.5 2.1 
Erector spin. S90 3.0 1.4 
Diaphragm S10 2.4 
27-235 Heart 345 2.9 
Psoas 320 ‘4 3.0 1.9 
Adductor 340 3 3.4 2.3 
Diaphragm 100 1.3 1.2 1.9 
33-85 Heart 110 1.4 2.6 1.2 
Psoas 550 1.8 1 1.3 
Adductor 500 1.4 
Diaphragm SSO 3.0 3.2 0.2 
33-325 Heart 390 i:3 3.3 2.0 
Psoas 615 3.3 3.3 1.2 
Adductor 525 1.8 2.9 1.1 
Diaphragm 675 2.3 3.5 1.2 
33-92 Heart 2.5 
Psoas 3.3 
33-1 Heart 2.5 
Psoas 3.1 


Total muscle iron as distributed in muscle hemoglobin 55°; in the parenchyma 
= 45%. 
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In this great emergency the body does not draw on this store of 
muscle hemoglobin and muscle parenchyma iron to manufacture 
new hemoglobin. As pointed out elsewhere!’ activity has vastly 
more influence on muscle hemoglobin than any other factor, and 
activity will mean high muscle hemoglobin even in the face of 
anemia. Likewise paralysis even with normal blood hemoglobin 
will mean rapid fall in the muscle hemoglobin. This perhaps is 
a fortunate independence of these factors relating to iron in the 
muscle and in the circulation, else an anemic animal might lose 
its power of motion or even the functional power of its heart. 

Intravenous injection of colloidal iron does not modify in an) 
way the store of iron in the muscles (‘Table 5). 

Liver feeding causes a rapid and abundant production of new 
hemoglobin in this type of anemia and we record (Tables 1 and 2) 
the data related to iron distribution — Dog 33-325. 

Dog 33-325 (Tables 1 and 2), a very active male mongrel poodle, 
weighing 10 kilos, was made anemic by bleeding as usual and maintained 
at a level of 45 to 60°, hemoglobin for a period of 10 weeks. During this 
whole period the diet was of the white bread low iron type. The animal 
was then given 300 gm. of cooked pig liver in addition to the usual ration, 
and this was eaten. The next 3 days, however, the liver was refused, but 
on the 5th day the dog ate 300 gm. of raw pig liver over and above the 
regular diet. This supplement was refused on the 6th and 7th days. There- 
fore, on the Sth, 9th and 10th days the diet was supplemented daily with 
4.1 gm. of a liver extract potent in secondary anemia (W11SS— Lilly). 
This fraction'’ of 4.1 gm. was derived from 300 gm. of fresh liver and 
contained about 70°, the potency of whole liver for hemoglobin regenera- 
tion in this type of experiment. On the 11th day the animal was perfused. 
The final red cell hematocrit after perfusion read 1°;. 

During the period of liver feeding 40 gm. of hemoglobin over and above 
the animal’s customary production on the basal ration appeared in the 
blood stream, as can be seen below: 


Hb Plasn Blood Circulating 
level vol vol Hb 
Dog 33-325 ml 
At start of liver supplement 53 530 705 51.5 
At end of liver supplement (at perfusion s4 dAO S15 94.5 
Increase in circulating Hb. 13.0 
Hb. removed in sampling 1.4 
Hb. produced due to basal diet (6 days 5.0 
Total net Hb. produc tion due to liver feeding - 39.4 


This experiment (Dog 33-325) with liver feeding was not satis- 
factory because we wished for a maximal intake of whole liver during 
t or 5 days to be followed by the perfusion. This dog refusing the 
liver during several periods, enabled the body to mature completely 
the hemoglobin and red cells which might be related to the early 
liver intake and we see a large output of hemoglobin amounting 
to about 40 gm., which would be a reasonable return from this 
liver and liver fraction intake. The iron content of the liver shows 
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base line values and no increased storage. There may be a little 
more iron storage in the spleen but the muscles and other viscera 
show base line values. This all speaks again for a very rapid turn- 
over of the iron as it comes in from the intestine. 

Intravenous Iron.* The accompanying paper shows that col- 
loidal iron given intravenously to the standard anemic dog will 
be returned quantitatively within new formed hemoglobin. It 
seemed of importance to trace this iron within the body in these dogs. 


Dog 33-1 (Tables 1 and 2), lean, fairly active female hound, weighing 
12.5 kilos, was kept anemic for about 11 weeks at a hemoglobin level of 
50 to 60°%. During this time the diet was the ordinary kennel ration of 
hospital table scraps. A week on the white bread diet low in iron was 
followed by administration of colloidal iron intravenously, 54 mg. being 
given twice each day for 2 days (a total of about 215 mg.). The animal 
was perfused 23 hours after the last injection. The final red cell hematocrit 
following perfusion was 0.90%. The liver shows an iron content compatible 
with the average of normal dogs (Table 3), namely, 27 ng. Ke . fan The 
spleen shows a figure close to the high values for normal dogs, which had 
received large oral doses of iron for a month (Dog 30-125, Table 3). 
The other organs show what might be regarded as anemia base line figures. 
Since about 122 mg. of iron can be accounted for in the liver and spleen, 
about 56°% of the iron injected is demonstrated as stored in these organs. 
Histologic sections stained for iron show a heavy deposit of blue granules 
within the Kupffer cells of the liver. 

Since it appeared that the liver and spleen were the only organs 
examined which seemed to be immediately concerned with the 
storage of the iron, and inasmuch as the normal storage of these 
organs had possibly been exceeded in the dose administered in the 
last experiment, it was decided to inject only as much iron as it 
was thought could be removed from the circulation by these two 
organs. 

Dog 33-92 (Tables 1 and 2), a lean, quiet mongrel female hound, 
weighing 12 kilos, was made anemic and maintained for 3 months at a 
hemoglobin level of 40 to 55°%. Following a week on the white bread 
low iron diet, this animal was given 54 mg. Fe per day for 2 successive 
days. Perfusion followed the last injection by 27 hours. The final red 
cell hematocrit following perfusion was 0.9°%. Again all the organs, on 
analysis, show base line figures with the exception of the liver and spleen. 
The liver contained an amount of iron which was somewhat below that 
for an average normal, and the spleen contained an amount which was 
about an average for a normal dog (Table 3). The amount recovered in 
these two organs was about 75 mg. or about 70°% of the amount injected. 
Histologic sections stained for iron show a definite deposit of blue granules 
within the Kupffer cells of the liver. Control sections from dogs fed iron 
showed no blue granules in the Kupffer or hepatic cells. 

Iron recovery in these two experiments was not complete, the 
larger dose by vein, Dog 33-1, giving a 56% recovery, and the 
smaller dose, Dog 33-92, giving a 70% recovery. We were sur- 
prised that the marrow showed no evidence of iron storage. It is 
to be expected that most of the iron given by vein would be stored 

* We are indebted to Dr. David Loeser of the Loeser Laboratory for the colloidal 
iron used in these experiments. 
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at first in the reticuloendothelial system, but it obviously varies 
somewhat and during these 3 days some material surely reached 
the mature stage of new hemoglobin and would not appear in the 
analyses. Some iron probably is to be found in the lymph glands 
and lymphatic tissue of the body, including the intestinal lymphatic 
tissue. Some iron is to be found in the plasma and perhaps in the 
whole blood in excess of the hemoglobin. Unfortunately no analyses 
of blood were made, but this omission is being corrected and in 
time, we hope, to account much more completely for the iron given 
by vein. It is, of course, a possibility that some iron may be washed 
out by this viviperfusion but this question can also be subjected 
to careful test. 

It is interesting to note that in contrast to the results of Polson! 
there is no accumulation of iron in the lungs nor evidence of pul- 
monary emboli. His dosage was usually considerably higher than 
those used in these two experiments, but in view of the above data 
it would seem unlikely that the lungs function normally to conserve 
and store iron. 

Discussion. ‘lhe question of red marrow and its store of iron 
may well be debated. At present no dogmatic statements can be 
made but we may review some of the difficulties. This is one place 
in the body where iron may be concealed and leave the investigator 
in a quandary whether iron taken into the body may be here at 
all or whether in the form of parenchyma iron or of hemoglobin iron. 
We assume that marrow volume’ is about two-thirds that of the 
liver but this area may be filled with red marrow or fat marrow 
or a mixture of the two."' In anemia the red marrow increases in 
bulk at the expense of the fat marrow, and after months of anemia 
the red marrow may replace completely all the fat marrow. There 
are great individual differences" and here is a large error confronting 
us if we figure the whole marrow on the basis of the rib analysis. 

Method difficulties of iron analysis in bones has been pointed out 
under Methods. It is possible that autolysis of marrow in the bones 
may overcome some of these difficulties. 

Viviperfusion as used in these experiments introduces another 
factor which cannot at present be evaluated. If iron coming into 
the body is moved rapidly into the marrow it may be rapidly incor- 
porated into the hemoglobin and protoplasm of the immature 
red cells whose increase would tend to push out the more mature 
red cells which as we know begin to appear in the circulation in 
considerable numbers on the 3d day after iron administration. 
These red cells about to emerge might be dislodged by the perfusion 
and be lost to the rib analysis, vet not being in the circulation before 
death would also be lost to the analysis of the circulating hemoglobin. 

An attempt to extract and measure the hemoglobin in the red 
marrow of the various bones has not yet been made but we hope to 
accomplish this in the near future. Histologic sections of marrow 
give some help and show that a fair number of mature red cells 
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and large numbers of nucleated red cells are always to be found 
in the red marrow. ‘The marrow capillaries may be visible and 
pretty well freed of red cells but the red cells outside of these spaces 
in the interstitial areas are of course out of reach of any perfusion. 
Attempts to subdivide the total red marrow iron into parenchyma 
iron and hemoglobin iron face obvious difficulties, but in time we 
should have some data of real value. 

Parenchyma iron is of some interest in these experiments and its 
uniformity deserves mention. After the iron stores are depleted 
by anemia for many weeks we see that the kidney, pancreas and 
even liver when bloodfree, contain only 1 to 2 mg. Fe per 100 gm. 
fresh tissue. It is perhaps surprising that the liver should give up 
all but this small measure of Fe. When we recall that all proto- 
plasm contains Fe’ we may look at this parenchyma iron as perhaps 
incorporated in the cell protoplasm and necessary for its life and 
function. The spleen may be reduced to about 8 mg. Fe per 100 gm. 
fresh tissue, and if we allow about 3 mg. for the contained hemo- 
globin we have left 5 mg. Fe as the base line for parenchyma iron. 

Red marrow of the rib is usually made up of cells and contains 
no fat marrow. We may accept 5 mg. Fe per 100 gm. bone, and 
allowing two-thirds of the rib weight as bone we have a marrow 
content of 15 mg. Fe per 100 gm. red marrow. Further we may 
allow 5 mg. for contained hemoglobin iron which value probably 
is too high, but at any rate 10 mg. or more Fe per 100 gm. red 
marrow is a much higher level for parenchyma iron than any other 
tissue. 

Muscle parenchyma iron should be mentioned and includes heart 
and skeletal muscles. The average iron content (‘Table 5) is 3.1 mg. 
Fe per 100 gm. fresh tissue, and this is divided roughly 45% paren- 
chyma iron and 55% muscle hemoglobin iron. This gives about 
the same average value for parenchyma iron in the muscles as in 
liver, kidney and pancreas. It is of significance that in the face 
of long continued severe anemia and urgent need for iron from any 
available source, the dog does not draw on either the muscle paren- 
chyma iron or the muscle hemoglobin iron. Conversely when iron 
is given in abundance by mouth or by vein a surplus is not stored 
in the muscles. A 10-kilo dog will have 2500 to 4000 gm. of striated 
muscle, and this means 80 to 125 mg. Fe. This is to be compared 
_with the stores of Fe found elsewhere in the non-anemic normal 

dog of 10 kilos weight. The dog will have a circulating blood volume 
of about 900 cec., containing about 180 gm. hemoglobin or the 
equivalent of 600 mg. Fe. According to Table 3 there would be in 
reserve in the liver about 90 mg. Fe and in the spleen only about 
12 mg. Fe. The reserve in the red marrow is largely guesswork 
but might amount to 30 to 50 mg. Fe. The dominance of the liver 
in reserve iron storage is obvious. 

Absorption of tron from the intestine is influenced by many factors 
but we have no evidence that there is any difference in the dog due 
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to the ferrous or ferric state of the iron. The absence of bile does 
introduce a factor influencing iron absorption and there are prob- 
ably a host of factors which bear on this point of the absorption 
of iron contained in the food. 

It has been reported by several investigators* * ° that the inges- 
tion of large daily doses of iron is followed by a decrease in blood 
phosphorus and may result in a severe rickets or even death. The 
mechanism for such a reaction would seem to be the formation of 
insoluble Fe and P compounds in the intestine, these being excreted 
as such at the expense of the body’s supply of phosphorus. If 
this is true it is logical to suppose that normally something approach- 
ing the converse takes place, with reference to the absorption of 
iron. ‘The average diet often contains 50 to 60 times the weight 
of P as compared with Fe. 

Iron given intravenously to the anemic dog will eventually be 
returned quantitatively in new hemoglobin and red cells, and we can 
account for 100% of the injected Fe as seen in Tables 5 and 6 (pre- 
ceding article).! Yet when we attempt to trace and account for this 
iron (‘Tables 1 and 2) a day or two later we find but 55 to 709%. Obvi- 
ously it must be in the body in some form or other. Various possi- 
bilities have been discussed related to the red marrow particularly, 
but we have not as yet excluded the possibility of some iron circu- 
lating in the blood other than hemoglobin iron and the usual 
plasma iron. 

Summary. Reserve iron storage in the dog can be exhausted 
during 2 to 3 months by a continuous anemia with hemoglobin level 
maintained at one-half to one-third of normal. Given this elim- 
ination of reserve iron we may attempt to trace iron given by mouth 
or vein. 

A rapid turnover of iron is the conspicuous feature of the experi- 
ments dealing with iron given by mouth and short feeding experi- 
ments (1 to 2 days) give no evidence of any iron store in the liver. 
As the iron feeding experiments are lengthened we see a variable 
accumulation of iron in the liver, but the amounts are small and 
a very rapid appearance of the iron in matured hemoglobin is the 
conspicuous feature. 

The importance of bloodfree organs is stressed, and other method 
difficulties are discussed. 

Parenchyma iron of various bloodfree organs is relatively a con- 
stant in these dogs. Liver, kidney and pancreas average 1 to 2 mg. 
Fe %. The lung is a little higher, or 3 mg. Fe %. The spleen is 
still higher, or 5 to 6 mg. Fe %. ‘The red marrow apparently has 
the highest level of parenchyma iron—an uncertain figure but 
probably in excess of 10 mg. Fe %. The striated muscles actually 
rate with the liver and kidney, although the average for total 
contained iron is 3.1 mg. Fe %. About 1.6 mg. Fe is muscle hemo- 


globin iron, leaving the parenchyma iron as 1.5 mg. Fe %. 
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Muscle hemoglobin iron and muscle parenchyma iron are inviolate 
stores of iron which are not drawn upon no matter how great is 
the emergency due to anemia. Conversely no surplus iron can be 
demonstrated in this tissue where iron is given intravenously. 

Iron depletion can be carried to a point where there is almost a 
complete cessation of hemoglobin production in a standard dog on 
a diet very poor in iron (Table 4). 

Intravenous iron in the doses given will result in large storage 
in the liver and spleen—55 to 70% of the total Fe given. We are 
not prepared to say where the remaining iron is to be located in 
the body tissues or fluids but it certainly is not eliminated. 
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THE AFTER-HISTORY OF LIPOID NEPHROSIS.* 


By Raten H. Masor, M.D., 


PROFESSOR OF MEDICINE, UNIVERSITY OF KANSAS, KANSAS CITY, KANS 
(From the Department of Internal Medicine, University of Kansas.) 


THE condition known as lipoid nephrosis, or chronic nephrosis, 
has been the subject of much controversy the past few years. Our 
interest in the condition began 10 years ago when we studied a 
patient and later followed him to autopsy. ‘This case was reported 
in 1925. Since that time we have had the opportunity to study 7 
additional cases presenting this unusual syndrome. ‘Two of these 
patients, leaving the hospital after marked improvement, disap- 
peared from view and we have been unable to trace them. ‘The 
other 5 patients have been kept under constant observation and 
their subsequent course recorded. This makes a total of 6 cases 
which have been followed with reasonable care and persistence. 

It is not the intention of this paper to review the arguments for 
and against the use of the term nephrosis, or whether the isolation 
of this syndrome as a distinct type of nephritis is justified. It is 
also not our purpose to discuss whether this is only a masked form 
of glomerulonephritis, or whether we are justified in calling it 
diabetes albuminurica. This entire controversy was very ably dis- 
cussed by Christian in 1929, and the articles which have appeared 
since his review have not aided materially in solving the problem. 
Christian collected 18 adult cases with autopsy, the average dura- 
tion being 8.8 months. He adds, ‘Clinical reports indicate frequent 
recovery, but the literature is devoid of much in the way of follow- 
up of these cases in later years to see whether or not their apparent 
cure is complete or not.”’ In reviewing the literature we have noted 
that certain cases were reported after a very brief observation, and 
notes on the subsequent course of the history were lacking, while 
other cases had been seen in the terminal stage and were reported 
with autopsy findings. For this reason we thought a record of our 
cases might be of some interest, for, although small in number, 1 of 
the patients has been followed for 8 years, 2 for 4 years, and 1 for 3 
years. 

In the diagnosis of this condition we have applied the usual 
clinical and laboratory criteria. All these patients have shown 
marked edema, normal blood pressure, absence of cardiac enlarge- 
ment, heavy albuminuria, high blood cholesterol, low blood proteins, 
usually with inversion of the albumin-globulin ratio, and a dimin- 
ished basal metabolic rate. We have excluded 4 patients who were 


* Read at the Annual Meeting of the Association of American Physicians, Atlantic 
City, N. J., May 7, 1935. 
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thought at first to have lipoid nephrosis, but after observation of a 
few weeks showed an increasing nitrogen retention with an accom- 
panying increase in blood pressure. ‘Three of these patients were 
diagnosed as chronic nephritis and the diagnosis later verified by 
pathologic findings. One patient showed at autopsy amyloid 
kidneys. <A brief summary of our patients diagnosed as lipoid 
nephrosis is as follows: 


Case Reports. Case 1.— Male, aged 34, was admitted to the University 
of Kansas Hospital on July 3, 1924, and dismissed on August 5, 1924. This 
patient suffered from marked edema of the legs and abdomen. The heart 
was not enlarged on physical examination; roentgenogram showed its out- 
lines to be within normal limits. The patient’s blood pressure was normal 
throughout the period of observation, the systolic pressure varying from 
135 to 145, diastolic from 90 to 100. Patient’s blood cholesterol on 3 
examinations was 344, 366 and 242; blood urea on 3 occasions was 14, 10 and 
6; serum albumin on admission was 2 gm. per 100 ce.; serum globulin, 4 gm. 
per 100 cc.; phenolsulphonephthalein test, 22°; in 2 hours. The urine 
showed very heavy clouds of albumin and on microscopic examination 
numerous cholesterol crystals. The basal metabolic rate was —10°%,; 
Wassermann and Kahn reactions negative. Death occurred 1 week after 
discharge. 

At partial autopsy, examination of the kidneys and liver was permitted. 
The pathologic diagnosis was chronic interstitial nephritis with lipoid 
infiltration. There was a superimposed acute nephritis, but chronic glo- 
merular changes were neither marked nor extensive. 

The histologic report of the kidney sections is as follows: The picture in 
the kidney varies in different fields. In some places the glomeruli are in- 
tensely engorged with red blood cells and in others very few red cells are seen 
and the endothelial cells are swollen and filled with large vacuoles. Some 
are larger and show a tuft which is largely replaced by masses of fibrous 
tissue due to proliferation of the tissue about the Bowman’s capsule. The 
tubules show a varying grade of degeneration, in some places nothing but 
cloudy swelling and in others considerable dilatation and pressure atrophy 
of the cells. Toward the medulla many of the cells show a peculiar change 
in that they are swollen and show a very markedly vacuolated cytoplasm 
suggesting a lipoid type of cells. In this region also there is marked prolifer- 
ation of some of the cells in the collecting tubules with a desquamation 
presenting a picture somewhat suggestive of acute nephritis. There is some 
infiltration of large and small mononuclears throughout the stroma. The 
stroma is irregularly increased toward the cortex, showing a rather patchy 
distribution. Hyalin casts are present in many of the collecting tubules 
and a few of the convoluted epithelial tubules show vacuoles and cells of 
the cytoplasm suggesting a vacuolar type of degeneration or a lipoid change. 

Case 2.—Male, aged 30, was admitted to the University of Kansas 
Hospital on August 1, 1930, and dismissed on August 28, 1930. The 
patient at this time showed a very marked edema and a heavy albuminuria. 
His blood cholesterol was 420 mg., serum albumin 2.7, serum globulin 1, 
the blood chemistry otherwise normal. The basal metabolic rate —15%, the 
Wassermann and Kahn reactions negative. The patient was dismissed 
from the hospital much improved. He was readmitted on April 21, 1931, 
and remained until May 2, 1931. Phenolsulphonephthalein was 100% in 
3 hours; blood cholesterol 400 mg. per 100 ce.; serum albumin 1.65; serum 
globulin}1.85. He was again admitted on May 5, 1931, and dismissed on 
May 27 with no essential change in the physical findings. March 15, 1932, 
he was again admitted into the hospital showing at this time blood choles- 
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terol 566, serum albumin 1.9, serum globulin 2.4, blood pressure 100 sys- 
tolic, 80 diastolic. He was again dismissed improved. On later admissions 
(from June 21 to July 23, 1932, and from January 15, 1933, to April 21, 1933) 
he showed essentially the same picture. His last admission was on September 
21, 1933, when he again showed a very marked edema, and now nitrogen 
retention, as well as an increase in blood pressure. The non-protein nitrogen 
on admission was 36 mg. per 100, on November 18, 1933, was 112, and 
creatinin rose from 1.2 to 2.1 mg. per 100 cc. The total blood proteins 
were consistently low, varying from 2.2 to 3.1 gm. per 100 cc. Death 
occurred on November 19. The day of death the non-protein nitrogen was 
120 mg., urea 69 mg., creatinin 2.5 mg. per 100 cc. The patient’s blood 
pressure, which on admission was 130 systolic, SO diastolic, rose to 190 
systolic and 122 diastolic on November 6. 
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Pathologic diagnosis: Chronic glomerulonephritis, with extensive fatty 
change, chronic myocarditis, chronic splenitis and perisplenitis; hydropic 
degeneration and chronic passive congestion of the liver; acute broncho- 
pneumonia, and generalized anasarca. 

The histologic report of the kidney sections is as follows: Most of the 
glomeruli are large but some appear shrunken. All of the tufts are avascular 
and fibrosed and show some degree of pseudolobulation. Frequently they 
are adherent to the capsule. Some appear cellular and contain a few polyps. 
A more striking change is the dilatation and degeneration of the tubules, 
especially the convoluted tubules which are considerably distended and 
vary some in size and shape. In some places the epithelial lining of the 
tubules is flattened and appears degenerated. The cells stain a deep pink 
and are considerably disintegrated though usually intact. Some desqua- 
mated epithelial cells are seen, however, in the lumen. In other areas the 
epithelium is swollen and presents a rather foamy vacuolated appearance. 
The nuclei are occasionally absent. There is a marked increase in the 
stroma and patches of fibrous tissue containing small, irregular tubules 
and infiltrated with mononuclears. Triangular, fibrotic areas containing 


46 MAJOR: THE AFTER-HISTORY OF LIPOID NEPHROSIS 


some hyalinized glomeruli are seen just beneath the capsule. An occasional 
hyalin cast is seen. The medulla is very congested and edematous in 
appearance. Many of the collecting tubules are dilated and a few contain 
hyalin casts. A few mononuclear cells are scattered throughout. Trichrome 
stains show a marked increase in the stroma with only remnants of epithe- 
lial tissue most apparent in the glomeruli. Fat stains show many fat drop- 
lets in the kidney tubules, especially the convoluted ones. There is very 
little fat elsewhere. 
This patient was under observation 3 years. 


These 2 patients were the only fatalities in our series. 


Case 3.—Female, aged 35, was admitted to the University of Kansas 
Hospital on March 5, 1927, complaining of marked swelling of the feet 
and abdomen, and remained until July 13, 1927. The edema in this case 
was extreme, and on one occasion both legs were punctured repeatedly with 
a hypodermic needle and in 4 hours 2 liters of fluid w-re collected. Her urine 
contained consistently large amounts of albumin and cholesterol crystals. 
The serum albumin on March 7 was 3.2 gm. per 100 cc. Basal metabolic 
rate was —6°%; Wassermann and Kahn reactions negative. The blood 
pressure throughout her stay in the hospital varied from 130 to 140 systolic, 
and 80 to 90 diastolic; blood cholesterol varied from 258 mg. per 100 cc. 
to 625 mg. The values for non-protein nitrogen, urea, creatinin, chlorids 
and sugar were consistently normal. At the time of her dismissal from the 
hospital blood cholesterol was 300. This patient left the hospital much 
improved and was seen on November 4, 1927. At this time her urine showed 
a trace of albumin; blood pressure was 140 systolic, 95 diastolic; blood chol- 
esterol 250. 

Since leaving the hospital she has steadily improved, and was examined 
on November 28, 1934. At this time her blood pressure was 132 systolic, 94 
diastolic. She appeared in perfect health; urine was negative for albumin 
and sugar. She was not aware of anything abnormal in her condition and 
considered herself in perfect health. This patient has been under observa- 
tion 8 years. 

Case 4.—Female, aged 53, was admitted to the University of Kansas 
Hospital September 24, 1931, and dismissed December 10, 1931. This 
patient on admission showed very marked edema of the legs and heavy 
albuminuria. The blood cholesterol was 428 mg. per 100 cc., serum albumin 
1.92, serum globulin 0.94 gm. per 100 cc. Phenolsulphonephthalein test 
showed 50% in 2 hours. The basal metabolic rate was —18°7%; Wassermann 
and Kahn reactions negative. The patient’s blood pressure during her stay 
in the hospital varied from 120 to 140 systolic and 90 to 95 diastolic. The 
edema cleared up during her stay in the hospital and on December 5, 5 
days before dismissal, her blood cholesterol was 441 mg. per 100 cc., serum 
albumin 2.48, and serum globulin 1.90. Patient was seen on June 14, 1932, 
at which time the urine contained a faint trace of albumin, not enough for 
quantitative estimation. On July 13, 1932, the urine was negative for 
albumin and also again on October 3. On January 11, 1932, the patient’s 
urine was negative for albumin and sugar, specific gravity was 1.020, blood 
cholesterol 208 mg., serum albumin 4.9, serum globulin 1.9. On October 9, 
1933, urine was normal, blood cholesterol 283, serum albumin 4.4, serum 
globulin 2.6. Since that time the patient’s blood and urine have been 
repeatedly examined,-last examination being February 6, 1935, when the 
urine was normal, the blood cholesterol 236 mg. per 100 cc., total blood 
proteins 6.32 gm. per 100 cc. At the present time she is apparently well. 
This patient has been under observation 4} years. 

Case 5.—Male, aged 17, entered the University of Kansas Hospital 
first on July 9, 1931, and was dismissed on March 24, 1932. He showed the 
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usual picture of marked edema and heavy albuminuria. The basal metabolic 
rate was —14°%, the Wassermann and Kahn reactions negative. Blood 
cholesterol during this admission varied from 460 to 263 mg. per 100 cc. 
On admission the blood cholesterol was 263 mg. serum albumin 1.5 gm. 
and serum globulin 4.9 gm. per 100 cc. During this admission the blood 
cholesterol at one time rose to 536, serum albumin fell as low as 1.6 and the 
serum globulin to 2.7._ Phenolsulphonephthalein test on admission was 60% 
in 2 hours. The blood pressure varied from 110 to 130 systolic, and 75 to 
85 diastolic. The patient was dismissed on March 24, 1932, blood choles- 
terol at this time being 267 mg., serum albumin 3.5 and serum globulin 
3.37. He was readmitted on June 3, 1932, and dismissed December 21, 

1932. The edema during this stay was much less marked. At the time of 
his dismissal the blood cholesterol was 193 mg. per 100 cc., serum albumin 
4.15, and serum globulin 2.9. This patient has constantly improved since 
his return home. On February 15, 1934, his blood pressure was 120 systolic, 
75 diastolic; physical examination revealed nothing abnormal. The exami- 
nation of urine at this time was negative. It contained no albumin, no sugar, 
and no casts on microscopic examination. The patient considers himself 
well and is so considered by a colleague who now has him under observation. 
This patient has been under observation 4 years. 
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Fig. 2.—Studies of the nitrogen balance in Case 6. 


Case 6.—Male, aged 19, was admitted to the University of Kansas 
Hospital on February 26, 1932, and discharged April 2, 1932. He showed 
a very marked edema. Blood cholesterol on admission was 882 mg., serum 
albumin 1.83 gm., serum globulin 0.6 gm. per 100 cc., with a marked albu- 
minuria. The patient’s blood pressure varied during this stay from 120 
to 130 systolic and 80 to 90 diastolic. Basal metabolic rate was —18%; 
Wassermann and Kahn reactions were negative. He was dismissed much 
improved; but was again in the hospital from November 23 to December 1, 
1932, showing essentially the same picture as on first admission. He was 
again admitted for observation on April 2, 1933, and dismissed on April 24, 
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1933. Patient was readmitted October 19, 1934, for observation, and was 
dismissed on October 28, 1934. During this admission he showed a blood 
cholesterol of 157, serum globulin 3.1. Phenolsulphonephthalein test 
showed 85°; in 2 hours. The urine still contained a heavy cloud of albumin. 
Patient’s last period of observation was from January 22 to January 25, 
1935, when he was admitted suffering from acute pharyngitis. At this time 
he showed no edema. His blood pressure at this time was 120 systolic, 80 
diastolic, blood cholesterol 218 mg., serum albumin 5.4, serum globulin 3.2. 
On examination of the urine, one specimen contained no albumin, two other 
specimens contained a trace. The patient feels perfectly well, although the 
urine still shows albumin. 


Summary. Six cases presenting the syndrome of lipoid nephrosis 
have been studied. Two of the patients died, both showing at 
autopsy marked acute glomerular nephritis with evidence of chronic 
glomerular changes. Four of the patients are alive, 3 of them are 
clinically well, 1 appears in good health and still shows a definite 
but not constant albuminuria. The 8 patients who have apparently 
recovered have been under observation 8 years, 43 years and 4 
years. The patient who has recovered except for a slight albumin- 
uria has been under observation 3 vears. 

A few words regarding the therapy in these cases may be of inter- 
est. We have employed at one time or other practically every 
method of treatment recommended, including high protein diets, 
blood transfusions, intravenous glucose, thyroid extract, para- 
thormone, various diuretics including novazurol and salyrgan. 

We have given our patients from 70 to 100 gm. of protein daily. 
Very high protein diets in our experience present a difficult problem. 
Studies of the nitrogen balance in 2 patients also indicated that an 
excess of protein intake was not stored but excreted as urinary 
nitrogen (Figs. 1 and 2). 

Blood transfusions and intravenous glucose injections were 
apparently of temporary value at least. We have not found thy- 
roid extract or parathormone of any definite value. Bacterial 
antigens were of questionable value. We have seen no detrimental 
effects from the use of novazurol or salyrgan. At times they pro- 
duce abundant diuresis, at other times no apparent effect. One 
patient (Case 2), was given intravenous gum acacia and a few days 
later developed an acute nephritis with exitus. This may, of course, 
have been merely a coincidence. 

The last 3 patients have been placed on a very high carbohydrate 
diet from 600 to 800 gm. daily, occasionally as high as 1000 gm. 
They have improved remarkably, either as a result of the diet or 
because of the healing powers of nature. 


BIBLIOGRAPHY. 


Christian, H. A.: Nephrosis, a Critique, J. Am. Med. Assn., 93, 23, 1929. 
Epstein, A. A.: Concerning the Causation of Edema in Chronic Parenchymatous 
Nephritis: Method for Its Alleviation, Am. J. Mmp. Scr., 164, 638, 1917. 


HYPERPARATHYROIDISM WITH RENAL INSUFFICIENCY 49 


Epstein, A. A.: Further Observations on the Nature and Treatment of Chronic 
Nephrosis, Ibid., 163, 167, 1922. 

Gainsborough, H.: <A Study of So-called Lipoid Nephrosis, Quart. J. Med., 23, 
101, 1929-30. 

Major, R. H., and Helwig, F. C.: Clinical and Pathological Studies on Chronic 
Nephrosis, Bull. Johns Hopkins Hosp., 36, 260, 1925. 

Major, R. H., and Weber, C. J.: Glucose Tolerance in Lipoid Nephrosis, Proc. 
Soc. Exp. Biol. and Med., 29, 603, 1932. 

Shih-Hao Liu and Hsien-I Chu: An Optimal Diet in Promoting Nitrogen Gain 
in Nephrosis, J. Clin. Invest., 14, 293, 1935. 


HYPERPARATHYROIDISM WITH RENAL INSUFFICIENCY. 


REPORT OF A CASE.* 


By k. A. Etsom, M.D., 


INSTRUCTOR IN MEDICINE AND PHARMACOLOGY, 


Woop, M.D., 


ASSOCIATE IN MEDICINE, 
AND 


I. S. Ravprn, M.D., 


J. WILLIAM WHITE PROFESSOR OF SURGICAL RESEARCH, UNIVERSITY OF 
PENNSYLVANIA, PHILADELPHIA, 


(From the Renal Clinic,¢ the Robinette Foundation and the Department of Surgery, 
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THE coéxistence of tumor of the parathyroid bodies and patho- 
logic changes in the kidneys was recorded by McCallum,! in 1905, 
and has since been encountered by pathologists with considerable 
frequency. The recent advance in knowledge of the functions of 
the parathyroid glands has now provided an explanation, based on 
the known disturbances in mineral metabolism which accompany 
parathyroid dysfunction, for this combination of circumstances. 
Originally a matter of interest to pathologists, the association of 
renal and parathyroid lesions now concerns the clinician as well, 
since the awareness of this relationship has often led to the early 
diagnosis of hyperparathyroidism. Albright and his colleagues? 
have divided the renal lesions in hyperparathyroidism into three 
types. Type I consists of pyelonephritis secondary to the forma- 
tion of calcium phosphate stones in the renal pelves. To Type II 
belong the cases with deposits of calcium in the renal parenchyma, 
and to Type III those patients showing signs of acute parathyroid 
poisoning with anuria. The frequency with which Type I lesions 
occur in this condition is now generally appreciated. The second 
type of renal complication of this disease, however, the diffuse 
calcification of the renal parenchyma without calculi in the kidney 

* Presented before the American College of Physicians, Philadelphia, May 1, 1935. 
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pelvis has been frequently described by pathologists, but the clin- 
ically detectable disturbances attributable to it, though recognized,? 
are less well delineated. 

The present communication describes a patient, proved to have 
the classical syndrome of hyperparathyroidism, with parathyroid 
tumor, osteitis fibrosa cystica and diffuse calcification of the kidneys, 
whose disease escaped detection for an unknown period because 
the observed disturbances in renal function were regarded as arising 
from an atypical form of chronic glomerulonephritis. Removal of 
the tumor has been followed by disappearance of all evidence of 
hyperparathyroidism. Detailed studies of renal function before 
and after parathyroidectomy indicate, however, that no significant 
change in the renal findings has occurred. 


TABLE 1.—BLoop anp Urtne Data or Case REPORTED. 
Normal. 1/18/34. 2/22/34. 5/5/34. 5/28/3449/20/34. 1/16/35. 1/17/35. 4/3/35. 4/4/35 


B. U. N., mg./100 ee. 15.0 31.3 | 37.2 33.4 20.4 243 24.4 


Plasma protein G/100 ce. 7.0 7.7 7.6 7.48 
Urine volume, cc./12 hrs.* 380 666 634 745 377 605 S10 


Specific gravity after fluid 


restriction* . 1.025 1010 1.010) 1.009 1010 1.010 1.010 
Reaction . Acid Acid «Acid Acid Acid | Acid Alk Acid 
Protein, me 2 hrs. 7 100 orless 13 202 111 30 72 154 
Casts, per 12 hrs. . .  §000 or 0 10,500 58,000 0 3300) $500 

less 
R.B.C., millions 12hrs. 05 — 0.62 0.76 1.1 0.25 0 03 af 0 
or less 


Urea clearance (12 hr.) 
% of normalt 100°; 27 23 24 IS} 28 27 sf 34! 
Glomerular filtr., cc./min.§ ce. 28 42 44 
per min 


* The technique of Addis™ was followed in the concentration test and sediment count 


+ Comparison of 12- and 2-hour urea clearances to be published by Landis et al.% 
t Two-hour urea clearances by the Van Slyke technique 
§ Measured by the creatinin method of Rehberg. 


Case Report. Miss M. F. (U. H. No. 34-16812), aged 35, a trained 
nurse, reported to one of us (F. C. W.) in January, 1934, for a periodic 
health examination. As a girl she was unusually athletic, engaging in the 
most strenuous forms of exercise without difficulty. She enjoyed good 
health from 1920 to 1923 while she was a student nurse. When first seen 
‘she was actively engaged in visiting nursing, as she had been for the past 
7 years. Although able to carry on her work, she had not felt well for 
several years. Since 1930 there had been increasing lassitude, and fatig- 
ability. In 1931 or 1932 polyuria, polydipsia and nocturia appeared. 
She drank 12 to 15 glasses of water a day and 2 to 3 at night. Severe 
constipation required a daily enema. From 1932 to 1934 several attacks 
of fleeting joint pains occurred in the feet, ankles and elbows, associated 
with slight swelling but no redness of the involved joints. Yearly exam- 
inations of the urine, begun elsewhere in 1928, had revealed slight albumin- 
uria and cylindruria. The specific gravity of the urine did not exceed 1.010. 
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(a) Section from the right upper parathyroid gland showing normal structure. 
(x 540.) 
(b) Section from the parathyroid adenoma showing ‘‘Wasserhelle”’ cells. (x 540.) 
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A secondary anemia was present. The basal metabolic rate was —12% in 
1932. Thyroid therapy for a few months gave some relief from the asthenia. 
A low-protein diet was also prescribed at this time. Most of the teeth 
were removed in 1932 following a severe gingivitis. No history was obtained 
of previous nephritis or of scarlet fever. Upper respiratory infections had 
been infrequent and mild. The weight was 128 pounds in 1931 and 94 
pounds in 1933. In view of the reported urinary abnormalities, tests of 
renal function were carried out in January and February, 1934, with results, 
shown in Table 1, which led to a diagnosis of chronic diffuse glomerulo- 
nephritis. In May, 1934, the patient was admitted to the medical clinic 
of this hospital for more extensive study. 

Physical Examination (May 5, 1934). Height, 60! inches. Weight, 
97} pounds. Blood pressure 110/80. The skeleton was unusual in that 
the head was disproportionately large, and the lower extremities were 
somewhat underdeveloped. The skin was sallow and the mucous mem- 
branes pale. The eye grounds were entirely normal. All but two teeth had 
been removed. The tonsils appeared to be infected. A soft systolic murmur 
was heard over the heart, which was normal in size and configuration. Phys- 
ical examination was otherwise normal. 

Laboratory Examinations. Erythrocytes numbered 3.8 million; hemo- 
globin, 66°; (Sahli). Blood smears were normal except for moderate 
anisocytosis and poikilocytosis. Repeated urine examinations disclosed a 
specific gravity which varied between 1.005 and 1.010. There were traces 
of albumin in all specimens examined. No erythrocytes were observed. 
The average voluntary daily fluid intake was 2100 cc., the urinary output 
1350 cc. Phenolsulphonephthalein elimination was 33°; in the first hour, 
15°) in the second. Further renal functional tests are shown in Table 1. 
Blood sugar was 92 mg. per 100 cc. The basal metabolic rate on 2 occasions 
was —15°, and —22°;. Serum cholesterol was 424 mg. per 100 cc. Elec- 
trocardiogram revealed a P-F interval of 0.23 second, but was otherwise 
normal. 

Course in the Hospital. The tonsils and the two remaining teeth, both 
infected, were removed. In view of the history of polyuria and polydipsia, 
a Roentgen ray examination of the head was made which revealed abnormal 
osteoporosis of the skull, suggesting the possibility of hyperparathyroidism. 
Investigations to test this possibility showed that all essential criteria 
were satisfied. Serum calcium was 15 mg. and serum phosphorus 2.7 mg. 
per 100 cc. Blood phosphatase liberated 0.24 mg. phosphorus per cc. of 
serum. Roentgen ray examination of the bones showed localized areas of 
bone destruction with cyst formation in the pelvis, spine, femora, humeri 
and bones of the hands. There was considerable cupping of the bodies 
of the vertebrae. Roentgen ray examination of the abdomen showed diffuse 
mottled opacities in the region of both kidneys. An intravenous urogram 
revealed no stones in the renal pelves. A. diagnosis of hyperparathyroid- 
ism with osteitis fibrosa cystica and parenchymal calcification of the kid- 
neys was made. The patient was transferred to the Surgical Division and 
an operation was performed on May 29, 1934. 

Operative Findings. Examination of the posterior aspect of the right 
lobe of the thyroid gland revealed a yellowish body approximately 5 by 
7 by 2 mm. situated immediately below the superior pole, near the medial 
border of the gland. Biopsy specimen was identified in frozen section as 
parathyroid tissue and the nodule was removed. In a corresponding posi- 
tion on the left side a normal-sized parathyroid gland was identified but 
not removed. Careful search below the inferior pole of the left lobe revealed 
an encapsulated yellow mass approximately 20 by 10 by 10 mm. closely 
attached to the inferior thyroid vessels and the recurrent laryngeal nerve 
and situated almost behind the clavicle at the sterno-clavicular junction. 
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This proved to be a parathyroid adenoma on microscopic examination, and 
was completely removed. 

Photomicrographs of the tissues removed at operation are shown in Fig. 1. 

Postoperative Course. On the day before operation serum calcium was 
18 mg. per 100 cc.; 21 -hours after operation it had fallen to 13 mg. and 
7 hours later to 11.5 mg. per 100 cc. On the 2d and 3d postoperative 
days it was 10.4 mg. per 100 cc. A week after operation serum calcium 
was 8 and serum phosphorus was 4 mg. per 100 cc. Three days later the 
patient experienced paresthesias in the face and extremities, became very 
apprehensive, and developed severe tetany, which was relieved by intra- 
venous administration of calcium gluconate and parathyroid hormone. 
Wit!in a few days after operation the patient became free of polyuria and 
polydipsia. As soon as she was ambulatory she stated that she felt better 
than at any time in the past 5 years. A concomitant improvement in her 
mental outlook was equally striking. High-calcium diet with viosterol 
was prescribed, and the patient left the hospital on July 3, 1934, at which 
time serum calcium and phosphorus were 9.4 and 4.4 mg. per 100 cc., 
respectively. Two weeks later she omitted the usual doses of calcium 
because of nausea, and again developed mild tetany which was controlled 
with calcium gluconate given intravenously. From that time until the 
present (April 30, 1935) there has been a steady improvement. Gain in 
strength has continued until the patient now feels entirely well. The 
intractable constipation has entirely disappeared. There has been a gain 
in weight of 11 pounds. On February 20, 1935, the basal metabolic rate 
was +7°% and the serum cholesterol was 310 mg. per 100 cc. Frequent 
analyses have shown the serum calcium and phosphorus to be normal. 
Blood phosphatase liberates 0.14 mg. of phosphorus per ce. of serum. 

The renal and osseous lesions have not shown comparable improvement. 
Table 1 contains data which indicate that there has been a slight but prob- 
ably insignificant increase in renal function since removal of the tumor. 
Roentgen examination made on April 3, 1935, showed that the bones were 
essentially unchanged in appearance. The calcium deposits in the kidneys 
were likewise unaltered. The patient resumed her full duties on Sep- 
tember 1, 1934, and has continued them uninterruptedly up to the present. 

Discussion. In considering the pathogenesis of the present case, 
we have taken the prevailing view that a parathyroid tumor is 
responsible for evidences of hyperparathyroidism, and that calcium 
deposition in the kidneys is a consequence of the disturbed mineral 
metabolism which characterizes that condition. Hypercalcemia and 
an unusually high concentration of calcium and phosphate in the 
urine, which occur both in experimental and clinical hyperparathy- 
roidism, have been regarded as the factors responsible for the 
deposit of calcium in the kidneys. The suggestion has been made 
that since the renal cells elaborate urine which is distinctly acid, 
the reaction within the cells is, in consequence, more alkalin than 
that of the blood, which condition predisposes to intracellular pre- 
cipitation of calcium phosphate. ‘This conception, however attrac- 
tive, does not rest, as far as we are aware, on direct experimental 
evidence. It is not easily reconciled with the observation that the 
calcium deposits in the kidney of hyperparathyroidism are very 
widespread, occurring within the glomerular capillaries, the walls 
of the capsule of Bowman, and the capsular spaces and the lumina 
of the tubules, where, judging from evidence obtained from the 
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amphibian kidney,’ the reaction is either that of the blood or is 
distinctly more acid. Whatever the mechanism concerned, however, 
it is an observed fact that the administration of excessive amounts 
of parathyroid hormone to dogs results in the deposition of calcium 
in the kidneys, and produces renal insufficiency.®:? This seems to us 
to warrant the assumption that an excessive secretion of parathy- 
roid hormone in the human may likewise result in calcification of 
the renal parenchyma which ultimately alters renal function. 

A different conception of the sequence of events is held by some 
writers. I1yperplasia of the parathyroid bodies, observed in chronic 
renal disease,*’ has been looked upon as evidence of the occurrence 
of secondary hyperparathyroidism. The relationship between 
chronic nephritis and enlargement of the parathyroids is not clear, 
but in the recent opinion of Pappenheimer and Wilens® and Smyth 
and Goldman" the kidney disease is regarded as primary, initiating 
a secondary and presumably compensatory hyperplasia of the para- 
thyroids. The purpose of the compensatory reaction is presumably 
to correct the disturbed ratio of calcium to phosphorus in the blood 
of patients with severe nephritis where phosphate retention and 
calcium depletion are often marked. The precise mechanism by 
which the normal ratio of calcium to phosphorus is reéstablished 
is a matter of dispute. Albright and Ellsworth"” believe that the 
primary effect of the parathyroid hormone is to increase the excre- 
tion of phosphorus in the urine, thus reducing the serum phosphorus, 
which results in a reciprocal rise in serum calcium. Objections to 
this view are presented by Thomson and Pugsley."* Whatever the 
mechanism may be, the observation that administration of para- 
thyroid hormone is followed by reduction in the blood phosphate 
and increase in the blood calcium" provides the basis for the belief 
that secondary hyperfunction of the parathyroid glands may oper- 
ate to prevent phosphate retention in nephritis. The fact is, how- 
ever, that elevated blood phosphate and reduced blood calcium are 
very frequently observed in chronic nephritis, as, for example, in 
de Wesselow’s series," where 13 out of 69 patients had blood phos- 
phate of over 10 mg. per 100 ce. This would seem to indicate 
that a compensatory mechanism, if it exists, frequently fails to 
prevent retention of phosphate in the blood. Phosphate retention 
was never observed in the patient we are reporting, hence this 
hypothetical stimulus to parathyroid hyperplasia was non-existent 
at the time of our observations. The fact that the blood calcium 
and phosphorus returned to their normal concentrations immedi- 
ately following removal of the parathyroid adenoma and have 
remained there for the following 10 months, during which time the 
hypothetical stimulus provided by decreased renal function may 
be presumed to have continued, seems to us to render exceedingly 
remote the possibility of hyperparathyroidism secondary to nephritis 
in the present case. 
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Clinical data from the few reported cases analogous to this one 
are too dissimilar to lend themselves to close comparison. However, 
certain common features are worthy of mention in considering 
whether any basis exists for differentiation of this from other types 
of chronic renal disease. Many of the usual concomitants of chronic 
nephritis, e. g., retinal exudates and hemorrhages, cardiac enlarge- 
ment and peripheral edema, are absent or very inconspicuous in 
the reported cases of renal disease in hyperparathyroidism. A 
marked grade of renal insufficiency may exist, as in the present 
patient, without elevation of the blood pressure.*'""-'" The urinary 
sediment is unusual in that the excretion of red cells, casts and 
albumin seems low in proportion to the degree of functional failure 
present. No one of these unusual features constitutes a trustworthy 
differential point, but together they result in a clinical picture 
sufficiently bizarre to suggest a search for other causes of renal 
failure. 

A possible feature of differential value has been suggested by 
Albright and Bloomberg,?° who have obtained from some of their 
patients granular casts which take up a specific stain for calcium 
and which dissolve when the urine becomes sufficiently acid. While 
not pathognomonic of hyperparathyroidism, their presence may 
suggest that possibility. No such casts were observed in our 
patient. 

Polyuria, nocturia and polydipsia occur with striking frequency 
in hyperparathyroidism. They may be due to renal damage with 
consequent inability to excrete urine of high specific gravity 2.10192. 
However, the fact that these symptoms frequently disappear imme- 
diately after removal of a parathyroid tumor suggests that they do 
not necessarily indicate structural renal damage, but are rather 
the consequence of the excessive urinary excretion of calcium and 
phosphorus. When the inability to elaborate concentrated urine 
persists, as it has in our patient, for many months after correction 
of the disturbed mineral metabolism, it must be attributed to more 
permanent structural damage. 

The data contained in Table 1 indicate that renal function in the 
patient we have described has remained practically stationary for 
almost a year after operation. There has been a slight increase in 
the figures for urea clearance and for rate of glomerular filtration, 
but the changes are not striking. The prolonged P-—R interval 
observed in the electrocardiogram has persisted unchanged despite 
parathyroidectomy. S-—T interval deviations, present in another 
such patient,”* were not seen in the present case. It is of interest 
that basal metabolic rate, observed to be low in the pre-operative 
period, spontaneously returned to normal after operation. 

Summary. A patient is described who presented evidences of 
chronic renal disease with marked reduction in renal function. 
The classical picture of hyperparathyroidism was subsequently 
discovered. Diffuse calcification of the renal parenchyma, demon- 
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strated roentgenologically, is regarded as secondary to the dis- 
turbances in mineral metabolism, and probably responsible for the 
observed reduction in renal function. Removal of a parathyroid 
adenoma has given complete recovery from hyperparathyroidism, 
but has had in the one intervening vear no striking effect upon the 
renal lesion. 
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The Focal Nature of Gonorrheal Arthritis. The therapeutic 
problem of gonorrheal arthritis is intimately associated with the 
treatment of the etiologic focus in the genitourinary tract. Ever 
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since Fuller,! in 1905, stressed the importance of seminal vesiculitis 
in the male, the focal nature of this disease has been universally 
recognized. It is now generally conceded that in addition to the 
seminal vesicles, the prostate, posterior urethra and vas deferens 
play the most important réles as the offending sites in the male.?-* 
In the female the cervix is regarded as the chief focus from whence 
gonococci may enter the blood stream and metastasize to the 

The Use of Heat. Temperature elevation lends itself as a par- 
ticularly rational and effective agent for the treatment of gonor- 
rheal arthritis. As has been amply demonstrated in vitro the gono- 
coccus can be destroyed at a level and duration of temperature 
within the limits of human tissue tolerance and safety."~-'* The 
value of systemic elevations of temperature in gonorrheal arthritis 
has long been recognized, and the use of many agents other than 
physical ones have been widely advocated. Among these agents 
have been malaria,'**°*! gonorrheal vaccines,*”* typhoid vac- 
cines,®”? as well as intramuscular milk, peptone, horse serum, and a 
host of other proteins. 

Not only can effective heat dosage be applied with safety, but 
in gonorrheal arthritis heat can be utilized for many important 
therapeutic properties. Its direct destructive or attenuating influ- 
ence on the gonococccus, if properly applied, can be exerted simul- 
taneously in the blood stream, joints and in the areas of the original 
invasion. It is particularly important that the most vigorous 
action of heat can be exerted in the pelvic organs.°'7"42° In addi- 
tion to lethal or devitalizing action of heat directly on the gono- 
coccus it has other indirect beneficial effects. As Mann,?4 Cumber- 
batch and Robinson,* Lees,” Hedrick?* and others have pointed out, 
heat in the pelvis expedites drainage from the cervix, prostate and 
urethra, relieves pain, reduces swelling and assists in the vasculariza- 
tion of the part, increasing cell metabolism. It is important to 
remember that it can accomplish these therapeutic aims in the 
tissues of the joints as well. Certain beneficial systemic effects 
are also achieved with elevations of systemic temperature, such as, 
increased speed of circulation and increased number of white cells 
and phagocytosis in the blood stream.?? 

Combined Technique. ‘The development of a technique to accom- 
plish these therapeutic desiderata was based on a concept outlined 
by one of us 5 years ago.2® The principle was to utilize combined 
systemic elevations of temperature with still higher pelvic heating. 
It was felt that a maximum effective dose of heat with a minimum 
of danger could be administered by this method. A technique 
which employed the short wave as the heating agent to achieve 
this dual heating effect was described in 1932.2° A report presented 
in 1932” on the clinical application of the radiotherm technique in 
pelvic inflammatory disease also included its successful use in 
gonorrhea] arthritis, 
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Systemic elevation of temperature by physical means without 
additional pelvic heating has been employed by others in the treat- 
ment of gonorrheal arthritis.'5*° Still others, 7. e., Cumberbatch,*! 
Nagelschmidt,* Mann,** van Puttee®® described the application of 
only local pelvic diathermy for this condition. 

The standardization and improvement on our original technique 
has depended on 4 factors: 1, The peak temperature necessary 
to kill all the known strains of gonococci; 2, duration of this peak; 
3, penetration of the heat into the local regions within the pelvis; 
anatomic considerations. 

Carpenter, Boak, Warren and Wilson at Rochester found they 
could kill all strains of gonococcl isolated from their patients in 
water baths at a temperature of 41.5° C. (106.7° F.) for 6 to 26 
hours." Utilizing this laboratory data they elevated and main- 
tained the systemic temperature of each patient according to their 
findings. Boerner and Santos proved that the higher the tempera- 
ture the less time was necessary to administer a thermolethal dose.® 
They found that gonococci could be destroyed at 44° C. (111.2° F.) 
in one-half the time required at 42° C. (105.8° F.). The difficulties 
in determining the thermal-death time of every strain in all patients 
under ordinary circumstances and in subjecting these patients to 
systemic treatments for more than 6 hours were obviously too great 
for universal practical application. We believed that it was more 
practical and effective to combine the systemic elevation of tem- 
perature (105° to 106° F.) with intensive heating of the pelvic foci 
(111° F.). 


Methods. We have used various measures for the elevation of systemic 
temperature. These have included short-wave radiation (radiotherm), 
diathermy and photothermy. The most satisfactory technique we found 
to be as follows: 

At the onset the patient was immersed in a water bath, the temperature 
of which was 100° to 102° F. The temperature of the water was then 
gradually elevated to 107° to 108° F. within about an hour. The rectal 
temperature was raised to about 105° F. within this time. As soon as this 
systemic temperature was achieved, the patient was transferred to a bed. 
This bed was covered with a hood containing a battery of 60-watt electric 
light bulbs. The photothermal effect of the lamps and the insulating prop- 
erties of the hood made it a simple matter to maintain the systemic eleva- 
tion of temperature. We considered it dangerous to attempt to maintain 
the temperature elevation in the hot bath. 

To secure additional pelvic heating diathermy was administered. The 
active electrode was inserted in the rectum or vagina. The dispersive 
electrode was divided into 4 sections to avoid overheating of the skin and 
subcutaneous fat. In the female the rectal electrode was inserted and kept 
in place for 1} hours. The current was gradually increased so that the hot- 
wire meter read 1500 to 2000 milliamperes. After this electrode was 
removed the vaginal electrode was inserted. The temperature of the 
tissue about the electrode was indicated by a thermometer within this 
device. This temperature was raised to 111° F. and then maintained for 
3} hours. The relationship between the temperature recorded by this 
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thermometer and that developed in the tissues of the pelvis was described.* 
The maintenance of these temperatures for 3} hours did not usually cause 


any tissue injuries.'? The current necessary for the development of this 
Time 8.00 9.00 10.00 1.00 12.00 1.090 2.00 3.00 4.00 
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Fig. 1.—Fever record. Combined systemic and pelvic heating. Patient, N. F. ~ 
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The anatomic structure in the male did not present a cavity into which 
a large metal electrode could be inserted so that it lay in close proximity 
to the genital foci of infection. It was found necessary to utilize the rectum 
for this purpose. To prevent overheating of the rectal mucosa while 
attempting to achieve a maximum heat influence upon the posterior 
urethra, prostate and seminal vesicles, the metal electrode was water- 
cooled. By this means the involved tissues at a distance were heated 
conversively while the rectal mucosa was protected by the conductive 
influence of the water. This cooling arrangement was necessary because 
the rectal electrode in the male was kept in place for 3 to 4 hours. The 
milliamperage used was 1500 to 2000. 

By controlling the lights in the hood and the amount of diathermy cur- 
rent the degree of systemic temperature could be varied. The mouth 
temperature which usually was 0.7° F. below the rectal temperature, 
was used as the index of systemic elevation.” The systemic elevation was 
maintained for 5 to 6 hours at about 105.5° F. by mouth. 

Adequate supervision and care were necessary to avoid serious sequel. 
The patients were made comfortable by the use of sedatives. Water was 
given as desired. The preparation of the patient consisted of an enema. 
A light breakfast was permitted. Females were not treated for 3 days 
before, during, or 3 days after the menses. 


Clinical Data. Number of Treatments. A group of 16 cases of 
gonorrheal arthritis, 8 male and 8 female, who receive this combined 
treatment are included in this study. The average number of 
treatments per case decreased as the technique was improved. 
From the very onset the female cases required fewer treatments 
than the male because effective pelvic heating was more easily 
achieved in the former. The 8 women received an average of 2.1 
treatments per case; the 8 men got an average of 3.5 treatments per 
case. The largest number of treatments given to any one case 
was 6. When the radiotherm was used, the 4 male and 3 female 
cases treated with it averaged 3.5 treatments per case. Later when 
diathermy was substituted for radiothermy, the technique became 
more successful. The 6 cases, 4 men and 2 women, treated with this 
improved procedure had an average of 2.83 treatments per case. 
After the bath technique was introduced, 3 females were treated. In 
ach of these cases only one treatment was found necessary for 
their arthritic complications. Recently with the use of the water- 
cooled rectal electrode in the male | treatment sufficed to clear up 
the urine in the second glass of the two-glass test. 

Interval Between Treatments. The shortest interval between 
treatments was 2 days; the longest 13 days. The 17 treatments 
administered to the 8 females were spaced at average intervals of 
2.7 days apart; the 28 treatments given the 8 males were at an 
average of 3.22 days apart. 

Analysis of Clinical Material. Each of the cases included in the 
series received hyperpyrexia with pelvic heating only after he or 
she had been through the gamut of other forms of therapy. All but 
2 came with active gonorrheal lesions and painfully swollen joints 
in various stages of immobilization. In addition the patients in 
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this series had been invalided in bed from 2 weeks to 3 years. All 
but 2 cases were acutely ill just before treatment with active sys- 
temic reactions including fever at the time of the first treatment. 
The 2 exceptions who had no evident active gonorrheal foci, how- 
ever, had permanent bony synostosis and other chronic joint Roent- 
gen ray changes with only moderate pains and little swelling. 

Treatments before Hyperpyrexia. Vhe variety of treatments used 
in the past was reflected in the wide range of therapy to which these 
16 cases had been subjected before getting this combined procedure. 
The variety significantly indicated the inadequacy of any of the 
previous procedures in these cases. None had received any per- 
manent relief and two had permanent pathologic changes in their 
joints. The attempts to eradicate focal lesions included the use 
of such gonococcides as silver nitrate, acriflavin, protargol, and 
mercurochrome as well as rectal and vaginal diathermy. - All 
females had cervicitis; 6 had urethritis; 3, Skene’s ducts involve- 
ments; 2, adnexal complications. Among the 6 males with active 
foci; all had urethritis and prostatitis; 3 had epididymitis; and 2 
had vesiculitis. 

Previous attempts to create favorable systemic reactions were 
unsuccessful; 14 of the cases had received intravenous chemotherapy 
(mercurochrome and colloidal sulphur), foreign proteins (typhoid 
vaccine, milk and whole blood), as well as various types of autogen- 
ous and stock gonococcal vaccines (9 cases). This type of treat- 
ment depended upon protein shock and systemic temperature 
elevation for success.*!*-% The temperature and systemic reac- 
tions to this type of therapy could not be carefully gauged and 
controlled and were ineffectual.* 

All local joint therapy also failed to give permanent results in 
these 16 cases. The procedures which had been tried either alone 
or in combination before included the following: tapping, immo- 
bilization, traction, diathermy, baking, massage, wet dressings, 
early mobilization and local use of Roentgen ray. All came for 
the combined treatment with varying degrees of joint pains, swell- 
ing, tenderness and immobilization. 

Average Age— Durattwon— Past Ilistories. The age of these 
patients had no influence on the course of their disease nor on the 
type or number of treatments. Although no patient with gonor- 
rheal arthritis had been refused treatment because of age or any 
degenerative changes, patients with marked arteriosclerosis, aneu- 
rysm, or coronary artery disease were refused similar treatment for 
other conditions such as lues. The average age of the group was 31.2 
years. The oldest female was 44 and the youngest 27 years; the 
oldest male was 38 and the youngest 23 years. 

The average duration of the gonorrhea in the 14 with active 
foci was 12.8 weeks; the longest duration was 28 weeks and the 
shortest 4 weeks. The average duration of the arthritic manifes- 
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tations in the active group was 10.2 weeks; the longest period of 


arthritis was 25 weeks, the shortest was 3 weeks. The importance 
of early treatment will be discussed later. 

Three of the 8 male cases had definite previous gonorrhea] his- 
tories. One case gave a 7-year history of chronic gonorrheal pros- 
tatitis before the acute flare-up that led to his arthritis. There 
was no previous history of gonorrhea in any of the female cases. 

Response to Treatment. The response of the systemic and joint 
manifestations of all the cases to treatment was satisfactory and 
in some cases dramatic. ‘Temperatures subsided, malaise and chills 
and sweats disappeared, red cell sedimentation rates showed return 
toward normal and the patients were able to get out of bed within 
4 to 12 days after the complete course of their treatments. In the 
4 cases which had rashes, 1 of which was proven by biopsy to be a 
gonorrheal paraketosis, the skin lesions disappeared within a week 
after this procedure. The joint symptoms and signs invariably 
subsided with remarkable uniformity. In every instance there was 
a definite change for the better. There was a rapid subsidence of 
pain, diminution of swelling and increased mobility. 

Good functional results were obtained in all but the 2 cases that 
came with evidence of bony fusion as indicated by Roentgen ray. 
Of the other 14, 13 were completely freed of their pain and achieved 
perfect function. ‘The remaining case was that of a female who when 
seen 2 months after her course of 3 treatments still showed about 
50°; of limitation of motion in the wrist and fingers. This was 
steadily “nay ing under the local after treatment. 

Need for After Treatment to the Joints. Although combined use 
of hyperpyrexia and pelvic heating can promptly stop the ravages 
of the gonococci in the joints, this procedure cannot be expected to 
restore distorted anatomy with equal rapidity. The 2 cases of 
bony ankylosis required arthroplasty. In the other cases where 
the soft tissues were the seat of inflammatory reactions, the muscles 
and tendons atrophied and bones rarefied by disuse, supplementary 
measures for complete restoration were used. Massage, local 
photothermy, diathermy, local short wave and graduated passive 
and active exercises, especially under hot water, were of great value. 
The earlier the patients were treated in the course of their disease, 
the less did they require after treatment. Three patients who came 
within 6 weeks after onset required no after treatment. Occasion- 
ally complete restoration required as much as 6 to 8 months. This 
was especially true of cases who came late in their illness. 

Eradication of Foct. Among the females the gonorrheal foci 
were more easily eradicated than among the males. The effective- 
ness of this method of treatment in the female was described."7 

In the males definite evidence of the effect of this treatment on 
the local gonorrhea was obvious. The discharge decreased in 
amount. The second glass of the two-glass test usually became 
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clear indicating the subsidence of the infection in the posterior 
urethra. ‘The anterior urethra did not clear up as quickly because 
its temperature con!d not be elevated to as high a level. In order to 
eradicate the organisms which still remained, the usual anterior 
urethral injections of gonococcidal solutions were employed, such 
as, mercurochrome, acriflavin and the silver salts. 

The course of each case before and after treatment was followed 
by a gynecologist or an urologist especially trained in gonorrhea. 
The smears were studied by two and sometimes three individuals 
with extensive experience in gonorrhea. No case was considered 
free of gonococci until a thorough follow-up for periods ranging 
from 3 to 6 months had failed to reveal any evidence of the disease. 
Some of the cases were followed for more than 14 vears so that con- 
clusive proof against recurrence of hidden foci could be obtained. 

Sedimentation Rate and Clinical Progress. In the evaluation of 
clinical progress, the red cell sedimentation rate was the most sat- 
isfactory and practical of all the objective tests. The Weiss modi- 
fication of the Fahraeus technique was used because of its sim- 
plicity.*4 The drop in sedimentation rate closely paralleled clinical 
improvement of the joints. Among the 16 cases in this series the 
return to normal often did not occur until after 6 weeks. This 
delay in return to normal probably was due to the gradual absorp- 
tion of residual débris and the slow healing of the previously inflamed 
tissues. 

Case Reports. ‘l’o illustrate the clinical course of gonorrheal 
arthritis treated by this method, we cite a typical male and a typical 
female case: 


Case 1.—B.5., male, aged 34, single, steamfitter. 

Previous History. Two previous attacks of gonorrhea, 9 and 4 years 
before. During second attack, had epididymitis and buboes. Made an 
apparent recovery after 7 months of treatment. 

Course Before Treatment. Date of exposure was January 15, 1934. 
One week later, 26 weeks before treatment, he developed a urethritis which 
soon involved the posterior urethra, prostate and epididymus. A week 
after the onset of the gonorrhea, the joint manifestations began with chills, 
fever and pains in the right knee. He was sent to a hospital where right 
shoulder and left hip also became involved. Each of these joints had 
some degree of pain, swelling, tenderness and immobility. He was com- 
pletely bedridden for 1 month and during this time he received a course 
of gonococcal vaccine and hydrotherapy as well as local treatments for 
the urethra and prostate. He was discharged from this institution as 
“improved.” Because of the persistence of his discharge as well as joint 
symptoms, he went to the out-patient department of another institution 
where his knee was tapped, intramuscular injections of milk were adminis- 
tered and massage and diathermy to the joints were given. Although he 
was able to attend this clinic once a week for several months, he gradually 
became worse, so that just before coming to us on June 23, 1934, he was 
unable to bend over and tie his shoelaces and unable to get out of bed 
without assistance. 

An examination 2 days before treatment revealed the following: Tem- 
perature, rectally, 100.2° F.; profuse purulent urethral discharge; numerous 
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gonococci in urethral and prostatic smears; prostate large and boggy; 
right epididymus enlarged, painful and tender; the left shoulder moder- 
ately painful with a periarticular swelling and motion limited to 50%; 
right knee and ankle markedly swollen, red, painful and tender; required 
crutches in walking; unable to bend knee more. than 15%. In addition 
to the positive smears, he had a positive complement fixation; both glasses 
of the two-glass test were cloudy ; sedimentation rate of 39mm. A Roentgen 
ray examination at this time showed osteoporosis of the bones entering 
into the formation of the right shoulder and right knee. 

Treatment. He received 3 treatments. Each time an oral temperature 
about 105° F. was maintained for more than 5 hours. Rectal diathermy 
was used for 3} hours. 

Course After Treatment. After the first treatment he could bend over 
and get in and out of bed with no difficulty, raise his left arm to within 
75% of the normal range. Pain and swelling in the joints diminished. 
Sedimentation rate fell to 26 mm. Discharge from urethra became less 
profuse. Two-glass test results were: first glass hazy; second glass entirely 
clear with few shreds. Complement fixation remained positive. Received 
local instillations of 0.5°; protargol twice a day and diathermy to the 
ankle. 

After the second treatment he had stiffness of the right knee, but it was 
much less than before, pains in the left shoulder, right knee and ankle were 
almost entirely gone; could tie his own shoelaces without difficulty and 
could raise shoulder to within 85°; of the normal range. He walked with 
acane. His discharge had further decreased, although the smears remained 
positive; sedimentation rate fell to 18S mm. The local instillations and 
diathermy to the ankle were continued. 

Two days after the third treatment there was no stiffness in the ankle 
or knee; no pain in the shoulder which still had a 5°; limitation of motion 
on direct extension upward. Although urethral discharge was hardly 
noticeable, his smears remained positive. The pains in the ankles and 
knees as well as the swelling of all the joints disappeared. Cane was dis- 
carded. The two-glass test results were: first glass, still slightly hazy; 
the second contained only a few shreds. His epididymitis had disappeared. 
The complement fixation remained positive. Progressive exercises were 
used to overcome a slight residual stiffness of the joints in the morning 
and the 52 limitation of motion of the shoulder joint. This cleared up 
in a few weeks. 

Protargol instillations were continued for about 3 weeks after hyper- 
pyrexia. After this the smears became negative, discharges entirely 
disappeared, sedimentation rate came down to 6 mm. and complement 
fixation was reported as negative. Fifteen subsequent smears were all 
negative. Three subsequent sedimentation tests were all normal. The 
complement-fixation tests remained negative. 

Eight months after his course of treatment, at a final check-up, there was 
complete restoration of joint function and no recurrence of any pains. 
Patient was seeking reémployment. Provocative smears after alcohol and 
chemical irritation remained negative. There was no laboratory or clinical 
manifestation of gonorrhea. Sedimentation rate was 4 mm. Roentgen 
rays were normal. 

Case 2.—C. L., female, aged 33, married, housewife. 

Previous History. Irrelevant. 

Course Before Treatment. Developed urinary symptoms with urethral 
and vaginal discharge within a week after exposure, November, 1933. A 
few days later, following a chill, she developed joint symptoms and became 
bedridden for 5 weeks. The following joints were involved in chrono- 
logic order: right heel, right hand, right shoulder, left shoulder, left hand 
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and left ankle. She was bedridden and hospitalized. Despite 7 instra- 
muscular injections of milk and the use of gonococcal vaccine, as well as 
several applications of silver nitrate to the cervix, she continued to get 
worse. 

She was then transferred to our institution. At that time she was 
acutely ill with a rectal temperature of 103° F. She had profuse urethral 
and cervical discharges which contined many gonococci. Her joint mani- 
festations consisted of: pain, swelling and a 40°; immobility of the left 
knee; and pain with a 10°; immobility of the left shoulder. There was 
complete immobility of the left ankle with marked pain, swelling and 
exquisite tenderness, associated with footdrop. Complement fixation was 
positive and sedimentation rate was 36 mm. Roentgen ray showed no 
bony changes. 

Treatments. She received 3 treatments. In each instance the systemic 
temperature was maintained above 105° F. by mouth for more than 
4} hours. The vaginal temperature was maintained between 109° F. and 
i11.2° F. for more than 3} hours. Rectal diathermy for 1} hours preceded 
vaginal diathermy. 

Course After Treatment. After first treatment the joint pain and redness 
began to diminish as did urethral discharge. There was a 10°; increase 
of motion of the knee and restoration of complete motion of the shoulder. 
The ankle remained immobile. There was little change in sedimentation 
rate. 

Following second treatment the cervical smear remained positive. There 
was some residual stiffness, pain and tenderness of the left knee. The 
left ankle was still immobile but the pain and swelling of this joint were 
also almost entirely gone. There was a marked subjective improvement 
after this treatment. For the first time since her stay in the hospital, 
she moved freely in bed without pain and slept well. 

Twenty-four hours after last treatment all signs and symptoms in the 
left shoulder disappeared as did the pain, redness and tenderness of the 
left knee. The motion of the left knee was within 60% of normal. There 
was a barely perceptible swelling about the left ankle and a moderate amount 
of bluish discolorization. Passive motion beyond 20°% of normal range 
still gave pain in this joint. Both cervical and urethral smears became 
negative and the sedimentation rate fell to 12 mm. 

Five days after her last treatment she was able to get out of bed for the 
first time. She used crutches for 1 week and then used a cane for support. 
The footdrop persisted for several weeks as did the periarticular thickening 
about the ankle. Massage, diathermy, radiant heat and light and gradu- 
ated exercises had to be carried out for 3 months before she could discard 
the cane and walk without a limp. At this time she was able to wear high 
heels and carry on her entire schedule of housework without difficulty. 

More than 12 urethral and cervical smears over a period of 6 months 
remained negative. Complement fixation became negative 7 weeks after 
treatment and remained negative. The sedimentation rate became normal 
8 weeks after treatment and remained normal. A final check-up 9 months 
after treatment revealed no recurrence of joint or genitourinary signs or 
symptoms. 


Summary. A method is described for the treatment of gonorrheal 
arthritis by means of systemic and additional pelvic heating. This 
method in addition to local joint and genitourinary after treatment 
was successful in causing the eradication of the causative organism 
and the rapid disappearance of pain, where they existed, in all of 
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the 16 cases treated. Restoration of function with complete joint 
mobility occurred in 13 cases, partial restoration in | and very little 
increased mobility in 2—— both of which had bony ankylosis when they 
presented themselves for treatment. All of these cases had been 
treated without lasting improvement by various methods advised 
at present. Our experience leads us to believe that hyperpyrexia, 
applied with the technique described, is the most effective means 
available for the treatment of gonorrheal arthritis. It should be 
administered as early as possible in order to avoid permanent patho- 
logic changes and deformities. 
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Tne diagnosis of thyroid disease is still not so easily accomplished 
as is indicated by the reading of standard texts. In many instances 
of indefinite symptomatology, considered to be attributed to dys- 
function of the thyroid gland, determination of the basal metabolic 
rate has been invaluable. There are, however, several rather marked 
limitations on the use of this procedure in actual practice: the patient 
may be so mentally retarded or emotionally unstable as to be 
incapable of giving the requisite coéperation, or he may be so appre- 
hensive as to consume much larger amounts of oxygen than really 
demanded by the tissue with an erroneously high reading, or he 
may be a child who cannot be satisfactorily inducted into the ritual 
attached to the performance. Not infrequently, such patients 
are precisely those of whom knowledge of the basal metabolic rate 
is needed for an estimation of the thyroid function. Numerous 
tests have been tried to avoid the large subjective element inherent 
in all studies of basal metabolism but none has succeeded so well as 
has the determination of the blood cholesterol. 

It has long been known that there exists some relationship between 
the level of the cholesterol in the blood and the deviation from normal 
of thyroid function. Hurxthal' found that in exophthalmic goiter, 
recurrent hyperthyroidism and adenoma of the thyroid associated 
with hyperfunction of the gland there is a depression of plasma 
cholesterol, the lowest values being obtained in patients in or near 
a crisis. In adenomata of the thyroid not associated with evidences 
of hyperthyroidism there was a normal blood cholesterol. In 
myxedema and chronic thyroiditis, there was always an elevated 
cholesterol. 

Bronstein? commented on the common dissatisfaction with 
basal metabolic rate determinations in cretins. In a group of 
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thyroid deficient children whom he studied, there was an elevated 
plasma cholesterol. He withheld thyroid extract from known cretins 
and observed that as they became clinically worse, there was a 
concomitant rise of cholesterol; when he resumed feeding of thyroid 
extract and the children improved, there was an associated decrease 
of the plasma cholesterol. He noted that this hypercholesterolemia 
was not affected by administration of insulin, thereby differing from 
the hypercholesterolemia of diabetes mellitus. 

Simonds and Helpher* rendered dogs hyperthyroid by feeding 
large amounts of desiccated thyroid and then studied their tolerance 
to olive oil administered enterally. Whereas their normal controls 
had increased blood lipoids after ingesting these fats, the hyper- 
thyroid dogs had a much smaller increase of the blood fats after 
the fatty meal, while their fasting blood fats were lower than the 
fasting blood fat of the normal control. 

later demonstrated that cholesterol determina- 
tions were of definite diagnostic value in considering abnormalities 
of the thyroid gland. Usually, the test was of greater usefulness 
when hypothyroidism was being suspected. In this condition, the 
plasma cholesterol tended to deviate from the normal four times 
as much as did the basal metabolic rate, whereas in hyperthyroidism 
the basal metabolic rate and the plasma cholesterol tended to deviate 
from the normal about the same amount. In myxedema, the values 
were always increased and subsequently lowered when thyroid 
extract was administered. In hyperthyroidism, either of the 
exophthalmic type or of the adenomatous type, the values were 
generally lower than normal and tended to return to normal on the 
administration of Lugol’s solution or after subtotal thyroidectomy. 
Gilligan et al.’ showed that in the myxedema induced by the total 
thyroidectomy for cardiac disease the plasma cholesterol was a 
more delicate and reliable indicator of the state of metabolism than 
was the basal metabolic rate. Other observers have demonstrated 
that there occur clinically states wherein the basal metabolic rate 
may be 20 to 30° below normal and yet the individuals show no 
evidences of myxedema or of other manifestations of lessened thy- 
roid function. In such conditions the plasma cholesterol is normal. 
Whenever the plasma cholesterol rises above normal (unless there 
is diabetes mellitus, arteriosclerosis, nephrosis or obstruction of the 
common bile duct), the individual is suffering from decreased thy- 
roid function. 

From the above it is evident that study of the cholesterol level 
may be utilized as a means of determining the presence or the extent 
of abnormality of thyroid function if the cited conditions are borne 
in mind. Wherever applicable, the study of blood cholesterol 
furnished valuable information. 

Unfortunately, accurate determinations of blood cholesterol are 
difficult and time consuming, involving detailed and elaborate 
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technique, and requiring a trained technical staff. Riickert® has 
shown that study of the total lipids of the blood is very often inform- 
ative where plasma cholesterol determinations are not available. 
The technique is much simpler and shorter, and is less subject to 
experimental error. Collins,’ following Riickert’s technique, and 
Herrmann,'® with minor modifications, have shown by comparative 
determinations that the level of the total blood fats as obtained 
by the simple lipocrit method parallels that of the cholesterol. 

In a series of 35 clinic and house patients (Medical Service, Touro 
Infirmary), we have attempted a follow-up study of total blood fat 
levels and have interpreted them in the light of clinical symptoms, 
and other laboratory diagnostic determinations including basal 
metabolism. The specimens for total lipoids were taken at 14-hour 
fasting levels. Whenever possible, basal metabolic rates were done 
at about the same date that the lipoid studies were carried out. 
The technique of the lipocrit method employed is essentially that 
of Riickert as described in his original article. We have regarded 
values of 500 to 700 mg. per 100 cc. of blood as normal, but have 
not accepted any value as definitely depressed unless below 400. 
In the following table we have summarized our findings. 


TaBLE 1. Lirotps 35 Cases 
Case N 
Patient S Da B. M. I mar 
1. H.B } 11/24/34 17 ( al « m it ling a 
12/ 7/34 14 41 alpa Responded 
I second blood f 
( r B. M. R. ver 
2. H.] l H t B B. M. R. a 1 fat 
ma 
B + l r il t Iilustra 
M 11/19/34 allacy of B. M. R. determinati 
Il l 4 pat 
1/28/35 
Is 
4/12 812 
Z.D O34 lox adenoma. Lugo beginning 4/15/34 
} »/ 4/34 14 for btotal thyroidectomy 6/13/34 
6/ 6/34 +S I | lood fat determinations confirm 
S/ 1/34 15 4 sssion of normal thyroid function 
12/21/34 0 68S 
1/30/35 0 st 
3/29/35 7 
§&. B.L Is 11/14/34 6% 472 Lorrain Levi type of dyspituitarism. Positive re 
I 3/22/35 3¢ sponse to antuitrin in terms of skeleta] growth 
and development of sex function. Persistent ob- 
cure low grade fever may account for the sub- 
normal blood fats. 
6. S.M 17 11/16/34 15 171 Problem of both tuberculosis and thyrotoxicosis 
M 3/25/35 $60) Patient symptomless. Blood fat not sufficiently 
depressed for thyrotoxicosis 
4 21/34 +28; Menopausal syndrome. Pott's disease (? activity). 
F. 12/20/34 56S Variable B. M. R. and consistent blood fats in 
2/ 8/35 22 absence of definite thyroid disease; also illus- 
5/ 3/35 + 20% 520 trates difficulty in determining B. M. R. when 
body surface cannot be calculated because of 
kyphosis 
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BLOOD FAT DETERMINATION 


35 Cases—Continued. 


Remark 
Rheu lisease with congestive failure 
Total of thyroid, 7/2/34. Postoperative 
myxedema was associated with definite increase 


of blood fats above normal at a time when 


B. M. R. was only slightly depressed 


Hypertensive heart disease. Healed Pott's disease 
Hyperthyroidism with palpitation, loss of weight, 
tremor Subjectively improved following bed 
rest, begun 2/9/35, iodin and sedation. Blood fat 

vel at low norma n 2 occasior e., Is not 


iiways definitely lowered in mild hyperthyroid- 


Hyperthyroidism with a diffusely enlarged gland 
Lug egun 11/14/34 and stopped 12/5/34 
Apparent response to iodin as judged by B. M. R 
Present clinical picture of non-toxic goiter 


M pa 4 ir 
al thyroicde 1927. In 1929 recur- 
¢ of typical hyperthyroid symptom complex 
Second thyroidectomy Postoperative hypo- 
parathyroidism with symptoms of tetany and 
nvulsi with intermittent treatment from 
1929-1935. Marked improvement under calcium 
1 parathormon 15/35 ankle edema, Ekg 
lence of myxedema heart. Thyroid, gr. 4 
Nervousnes remor reased appetite, intoler- 
nee to heat, restles fatigability. Surgical 
nenopause 10 
min. 20, t. i. d 
ponse to Lug 
nyr 
Nervou f weight, diarrhea (over period 


with iodin at 


goiter 


The 2 normal 


ervals blood fats following 
lin would indicate normal thyroid function 
Nervousness, loss of weight, tachycardia, fatig- 


Thyroid diffusely enlarged, soft. Lugol's 
solution, min. 10, t. 1. d. from 5/6/35 to 5/16/35. 
Even though this is a suggestive response to 
iodin, the relatively slight rise was considered 
insignificant. Diagnosis, anxiety neurosis 


Case N Age Tota 
Patient Sex Dat B.M.R 
21. A.D 45 7/20/34 +7 
I 7/24/34 5 
4/34 2 
11/21/34 
12/ 2/34 2 CSCC 
3/18/35 
4/25/35 
22. E.G $2 2/ 1/35 +37 
| 2/ 9/35 +24 $62 
/19/35 11 
2/19/35 +37 
293. R.A rf 15/35 592 Nervousne palpitation, tremor, nodular goiter 
} 3/30/35 23 Diagnosis non-toxic adenoma. Shows 2 normal 
$/ 3/35 50S 1 fats in spite me variation the 
B.M.R 
24. J. 11/12/34 + 26% 
12; 7/34 7 
9/35 +2 
3/35 
5/13/35 firmed by rn lat 
s cf 21 2/22/35 1 54 Pregnant 3 mos. when first seen, 2/19/35. Tachy- 
| $/35 | ot irdia, dyspnea. Palpable thyroid. Physical 
97/35 +4 50 ns and history iggest rheumatic heart dis- 
ease. Tests with Lu juring which time the 
B. M. R. rose from 13 to 27°), and the blood fats 
remained practica tapjionary istrate fallacy 
f relyir tirely on rising BK. M. R. in preg- 
B i fat determination assisted mater}- 
i lifferentiat between hyperthyroidism 
and rheumat ardiac disease 
%. R.A 419 1/25/35 Menopausal syndrome with questionable hyper- 
| 5/ 6/35 $32 thyroid funct Negative response t lin in 
that blood fat fell during the administration of 
I 
27. 15 9/ 7/34 ( ter N sbnormal findings except 
| 11 4 ( enlarged thyroid, which first appeared with 
4/1/35 13 412 eginning menstruatior 
28. 5S. K 15 9/20/34 25 
11/26/34 
1/22/34 +9 
4/15/35 
2 
19 712 
9/25, 7 
K. k D2 8/35 +39 $32 
} 5/1 $24 
5/22/35 +16 
1. V.B 24 9/34 +S! 
I 12/14/34 24% 44 11 yr Treated for “om” 
27/35 595 
5 15 
32. 4/17/35 +7 
6/35 + 10) 532 
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Taste 1. Lipotps 35 Cases—Continued 
( ase No, Aue 
Patient Sex Date B.M.R fat Remark 
M.A 67 nf 6/35 I 592 Drowsiness, fatigability, dry skin, coarse 
hy 8/35 H40 spade hand. Diagnosis, normal thyroid funct 
t | eCa th rma 


al picture becau 
M. R. determination 


blood fat and B 


34 P.4 4 1/35 ra) 512 Nodular goiter since puberty with enlarged gland 
first pregnancy 3} yrs. ago. Pa 
w mi pre a I I 
ing t vi hirst t 
L.G lerat f thyroid 
ma 
B.M.R 7 During 
tatus | ome most 
I { syr of hyper- 
i d lipoid 
sluated acidosis 


Summary. We do not suggest that determinations of the total 
lipoids should supplant any method used at the present for the stud) 
of metabolic disorders; rather it is offered as a valuable addition. 
We feel that it will afford as much information as will determina- 
tions of plasma cholesterol in that it is consistently elevated above 
the normal 700 mg. per 100 ce. in hypofunction of thyroid and 
generally below 400 mg. in hyperthyroidism. In mild cases of hyper- 
function it is apt to be between 400 and 500 mg., at which level the 
diagnostic import is questionable. It is not materially affected by 
any other endocrine gland disorders, except diabetes, as long as the 
thyroid is not demonstrably involved. 

It is exceptionally of value in those patients for whom the deter- 
mination of the basal metabolic rate is not feasible. 

The depression of the basal metabolic rate following administra- 
tion of iodin, such as Means"! has shown to be a routine diagnostic 
test for hyperthyroidism, is paralleled by the increase of total 
lipoids. Conversely, its failure in response to iodin is regarded as of 
significant negative value. 

We wish to express our appreciation to Dr. I. I. Lemann, Professor of Clinical 
Medicine, for his advice and coéperation and the permission to use his patients for 
this study; to Dr. A. B. Pitkin for his coéperation in the metabolic determinations, 


and to Miss Baumgartner of the Touro Infirmary Social Service Department in the 
follow-up studies. 
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THE EFFECT OF THERAPY ON NERVE DEGENERATION IN 
PERNICIOUS ANEMIA. 


By Epwarp S. M.Sc., M.D., 


DEMONSTRATOR, DEPARTMENT OF MEDICINE, MC GILL UNIVERSITY, 
MONTREAL, CANADA, 


From the Medical Services of the Montreal General Hospital. 


The eminently satisfactory results which attend the treatment 
of the anemia of pernicious anemia by adequate therapy, whether 
liver, its extracts, or their equivalent are universally accepted. 
More controversial, however, is the effect of such treatment upon 
the subacute combined degeneration which sooner or later makes 
its appearance in this disease. The present communication deals 
only with the effect of therapy upon this central nervous system 
degeneration as observed in 45 patients under treatment in this 
hospital for 7 years. It was prompted by the recent simultaneous 
appearance of two papers!” dealing with this problem from different 
clinies in the United States in which considerable difference of opinion 
was expressed. 

Material for Study. During the 7-year period from 1928 to 1935, 94 
cases of pernicious anemia were treated at this hospital. All of these cases 
were thoroughly investigated clinically and in the laboratory. All showed 
an initial characteristic response to liver or its equivalent as measured by 
reticulocyte curves and weekly erythrocyte and hemoglobin estimations. 
However, of this number, only 45 are available for the purposes of this 
study because the remainder were observed by us only during what might 
be termed the hematopoietic recovery period. Following restoration of the 
blood values they were referred to their family physicians or otherwise 
disappeared. 

The Nature of the Nervous Lesions in Pernicious Anemia. There 
appears to be as little unanimity of opinion in regard to the nature 
of the nervous lesions in pernicious anemia as there is of the effect 
of therapy upon them. It is now generally conceded that practically 
all cases of the disease show signs of subacute combined degenera- 
tion of the cord. If untreated, this degeneration ultimately pro- 
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gresses to a true sclerosis which from its very nature precludes 
successful therapy. Hope of success then lies in arresting the process 
of degeneration before the sclerotic stage is reached. The disease 
- also cause degeneration in the cerebral cortex, the basal ganglia, 

r the extradural spinal ganglia. The cause of the degeneration is 
dui ly linked up with the cause of pernicious anemia because other 
anemias, severe in degree, hemolytic in nature, and of long duration, 
do not develop subacute combined degeneration. ‘The belief recently 
expressed by a prominent neurologist that some lecithin destroying 
noxa is responsible for both anemia and nerve degeneration is no 
longer tenable as pernicious anemia is not now regarded as primarily 
a hemolytic process. Furthermore, other undoubted hemolytic 
anemias are exempt from nerve lesions. Histologic studies have 
revealed perivascular round celled infiltration preceding and accom- 
panying degeneration in affected sensory and lateral tracts, but such 
a cellular reaction is found in many diseases of the brain and cord 
and is in no way specific. It is to be hoped that the recent experi- 
mental production of a deficiency disease in hogs, which simulates 
very closely both the blood and nervous system lesions in pernicious 
anemia, may cast some light upon this fundamental problem.’ In 
this series of 95 cases there were 6 deaths but only 2 cases died in the 
hospital and in only 1 was permission to study the brain and spinal 
cord granted. 

Case Report. Case 1.—This patient, a male, aged 58, had a para- 
plegia of at least 3 years’ duration with progressive cerebral deterioration. 
He had received little or no specific therapy during this time and died in a 
state of grave anemia. At postmortem the organs showed the usual changes 
found in the disease; anemia of all organs, fatty degeneration of the myo- 
cardium and an intensely hyperplastic bone marrow. Sections of the cord 
and spinal ganglia stained by the Weigert-Pal method showed almost entire 
demyelinization of the posterior columns in the cervical region, decreasing 
in degree toward the lumbar segments. The cell bodies in the spinal ganglia 
and the posterior horn cells were well preserved. The brain showed no 
lesions. In spite of exaggerated reflexes and spasticity of the extremities 
suggesting extensive lateral as well as sensory tract involvement little or no 
evidence of degeneration was present in the motor tracts. The accompany- 
ing microphotograph is from a section of the cervical cord stained by the 
Weigert-Pal method. It shows extensive demyelinization of the columns 
of Goll and Burdach with other tracts relatively intact. 

In this series of cases only one failed to show evidence of subacute 
combined degeneration of the cord at the time of the first visit, de- 
spite the fact that dysesthesia was not accepted as indicative of 
nerve degeneration. The frequency with which numbness, tingling 
or pins and needles sensations are met with in severe anemias of 
whatever etiology or in vascular diseases unassociated with anemia 
renders these subjective symptoms of little diagnostic value. They 
were present at some period in practically every case in this series. 
The following table gives the incidence of certain signs referable 
to nerve degeneration in the 45 cases. 
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TABLE 1.—SiGns INDICATING NERVE DEGENERATION ON ADMISSION. 


1. Number of cases A 15 
2. Diminution in two-point discrimination or vibration sense 14 
3. Diminished two-point discrimination 38 
4. Diminished vibratory sense alone 2 
5. Normal tendon reflexes . 28 
6. Absent tendon reflexes 9) 
7. Exaggerated tendon reflexes Ss 
8. Babinski phenomenon 9 
9. Involvement of bladder or rectum 3 
‘ . Psychosis 3 

10. Cerebral degeneration Melancholia , 


The evidence of subacute combined spinal degeneration in this 
series is based mainly upon alterations in two-point discrimination 
and vibratory sense. Other sensory changes, though sometimes 
recorded, were too infrequently described and too uncertain to be 
gauged with any degree of accuracy. It is worth noting that less 
than half the cases showed alterations in the tendon reflexes or 
other signs of cord involvement. Only 8 cases had exaggerated 
reflexes and incodrdination, indicating lateral tract involvement. 
However, it should be recognized that the true incidence of degenera- 
tion in the lateral tracts is much higher than these figures indicate 
for the following reason. The sensory degeneration, present in 
practically all cases, leads to ultimate loss of tendon jerks if it is not 
arrested by therapy. Lateral tract degeneration as a rule tends to 
produce the opposite effect, namely, increased muscle tone with 
exaggerated reflexes. It seems evident, therefore, that the signs 
of coéxisting lesions in posterior and lateral spinal tracts would 
tend to offset each other insofar as the tendon reflexes are concerned. 
This may account for the high incidence of normal tendon reflexes 
in cases which obviously show profound functional impairment as 
indicated by their gait and incoérdination of movement. In this 
series 4 cases who came under observation because of the subacute 
combined degeneration showed little or no anemia at any time. 
Blood smears nevertheless showed a definite macrocytosis in all 4. 
A definite psychosis occurred in 3 cases. In 1 there was definite 
hypomania with disorientation and bilateral papilledema so marked 
as to raise the question of an intracranial neoplasm.‘ Another case 
presented similar findings without papilledema. In both of these 
cases the cerebral signs and symptoms appeared during the period 
of anemia and disappeared promptly with restoration of the normal 
erythrocyte count. In the third case, melancholia appeared during 
a period when the blood values were well within normal limits. 

The Effect of Therapy Upon the Central Nervous System Degenera- 
tion. Table 2 gives in abstract the more important changes which 
occurred in certain signs referable to degeneration in the central 
nervous system over periods of treatment varying from 1 to 8 years. 
It also shows the average blood values during the same periods, the 


- 


Fig. 1.—Cross section of cervical cord (Weigert-Pal) showing extensive degeneration 
in posterior columns but none in the lateral tracts. 
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diameter of the modal erythrocyte, and a rough estimate of the 
degree of the disability of the patient. 
The duration of treatment was as follows: 


One year 9 Five years 10 
I'wo years 9 Six years 1 
Three years 6 Seven years 3 
Four years } Over seven years 5 


In order to evaluate fairly the remote results of therapy, the 
initial period of hematopoietic recovery lasting from 6 to 8 weeks 
was omitted, though subsequent periods of anemia, if any, were 
included. For comparison the cases were divided into two groups. 
The cases who received continuous and adequate therapy are com- 
pared with the remainder who through apathy, financial or other 
reasons failed to receive more than sporadic periods of treatment. 
Before comparing these two groups, however, it is necessary to 
define the term adequate therapy. It seems generally recognized 
that no definition should be based upon actual quantities of liver 
or its equivalent, for cases vary tremendously in the degree of 
response to a given amount of treatment. Some are relatively 
resistant and require large doses while others do well on much smaller 
amounts, just as one case appears to be a relatively mild one with 
long natural remissions while another is severe with frequent and 
marked exacerbations. Furthermore, what is considered as adequate 
therapy in one clinic fails to measure up to the standards set by 
another. For instance, a recent author! expressed the belief that 
cord degeneration progresses regardless of treatment and _ that 
treatment in excess of that amount necessary to maintain an 
erythrocyte level of 4 millions is “wasted.” At another clinic, 
improvement was noted in the subacute combined degeneration 
in a modest proportion of cases if the blood count was maintained 
at or above the 4.5 million level. Such conclusions suggest that 
better results may be obtained by keeping the blood count as near 
normal as possible. It has been the custom in our Hematologic 
Clinie to carry therapy somewhat further. Three fundamental 
rules for adequate therapy have been followed: 1, The erythrocyte 
count must be normal at all times; 2, the modal erythrocyte diameter 
must be at or below the normal value; macrocytosis is considered 
“ipso facto” an indication of failure of treatment; 3, therapy is at 
once increased if at any time the patients complain of any deviation 
in their state of well-being and particularly if there appear any 
symptoms referable to the nervous system as dysesthesia, ete. This 
increase is often made in spite of normal blood values. These periods 
are usually infrequent and may be regarded as an indication of 
a possible exacerbation of the disease. 

Ac lequate therapy then strives toachieve tworesults: (a) toprevent 
numerical and particularly morphologic blood changes and (b) te 
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prevent the progress of spinal cord degeneration during those periods 
of exacerbation in symptoms when sudden and swift disintegration 
of nerve tissues is likely to take place. 

In the first or adequately treated group there are 28 cases and 
in the second 17 cases. The following table gives a condensed 
résumé of the results in each group. 


TABLE 3.—CoRD SIGNS IN ADEQUATELY AND INADEQUATELY TREATED CASES. 


Number Percentage 
A, Ade quately treated cases 28 
Cord signs improved 13 16.4 
unaltered 11 39.3 
progressed 1 14.3 
Cases showing functional disability 3 10.7 
B. Inad quate ly treated cases 17 
Cord signs improved 3 17.6 
unaltered 0 
progressed 14 82.4 
Cases showing functional disability S24 
total 3 
partial 5 
none 3 
Cases dead 6 


It may be argued that such a division of cases would tend to place 
severe cases or those naturally most reststant to therapy in the 
second group, favoring the first. Theoretically such an argument is 
perfectly sound. Practically, however, it has been our experience 
that no case of uncomplicated pernicious anemia resists adequate 
therapy insofar as the blood picture is concerned. If such appeared 
to be the case the diagnosis was invariably found to be incorrect. 
Furthermore, not one of the inadequately treated cases received 
regular therapy. Failure to report for treatment usually resulted 
from apathy or financial embarrassment. 

The condensed figures indicate that approximately 47° of the 
cases in the adequately treated group showed improvement in the 
subacute combined degeneration and an additional 40°;% showed 
no tendency to progress. On the other hand, in the group inade- 
quately treated only 17% showed improvement, while 82°, showed 
progressive degeneration. Perhaps more graphic are the percentages 
of the disabled. In Group A only 3 of 28 cases showed functional 
disability judged by their inability to perform their daily work in 
an efficient manner; while in Group B, 6 are dead, 3 totally disabled, 
5 partially disabled and only 3 admit to feeling physically fit. The 
progress in | or 2 individual cases may illustrate the slow but 
definite improvement which may take place. 

Case 24 (aged 50).—Onset of disease in 1924 with severe anemia and 
incodrdination in leg movements. Treated for tabes in 1930 by general 
practitioner because of absent tendon reflexes, Babinski phenomena, and 
Rhombergism. In May, 1930, discharged from hospital by wheel chair 
on diet of raw liver pulp. In July, 1930, reported on crutches, unable to 
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walk; blood count almost normal; in October had discarded crutches and 
was walking with aid of cane and ankle supports; in January, 1931, he dis- 
carded cane. By July, 1931, he was able to play a few holes of golf. In 
September, 1932, walked to and from office daily, could dance and play 
18 holes of golf. When seen last in November, 1934, he was able to ski, dance 
and carry on his business as an engineer. It is of interest that the knee 
jerks returned though the Babinski phenomenon persisted. 

Case 7 (aged 56).—Onset of disease in 1933 with severe anemia, absent 
reflexes and bilateral Babinski phenomena. Patient unable to walk. After 
a year’s treatment he began to walk with a cane. Seen in 1935 he walked 
quite smartly and had normal reflexes. The Babinski had disappeared. 


Discussion of Results. A comparison of results in the adequately 
and inadequately treated groups leaves no doubt as to the efficacy 
of treatment in controlling subacute combined degeneration if 
therapy is pushed to the point where the patient is symptomatically 
well and his blood is morphologically normal. Such an undertaking 
rarely puts excessive demands upon the patient or the physician. 
Five cubic centimeters of a potent liver extract per week given 
intramuscularly will suffice for many cases. This can be obtained 
in Canada at a cost of 25 cents. The penalty exacted by the disease 
for carelessness jn treatment is severe, and often without retrieve. 
Of the 17 inadequately treated patients 82° were functionally dis- 
abled and one-third of them dead, as compared with no deaths and 
10.7% partially disabled in the adequately treated group. The 
improvement in individual cases is even more striking than the 
combined results as exemplified by the 2 abstracted cases. Such 
improvement cannot be hoped for in all cases, particularly if com- 
plicating factors, such as cardiovascular disease or senility be 
present. 

The improvement, which may occur in cases of subacute com- 
bined degeneration of long duration—after 6 years, as in Case 24—is 
hard to explain satisfactorily, but the fact remains that it does occur 
not once or twice but in a considerable proportion of all cases. Not 
only are the patients subjectively improved and able to perform 
their daily duties more efficiently, but objectively the concomitant 
pathologic signs improve or even disappear. ‘Thus in 6 cases the 
knee kicks returned after having been absent for months or years, 
and in 4 cases plantar flexion replaced a Babinski elicited on many 
occasions by different observers. Such improvement is unexpected, 
and can be explained only on the basis of degeneration of nerve 
tissue without actual destruction. That such degeneration may 
persist for long periods and yet eventually respond to therapy is, to 
say the least, surprising; but the fact remains it does occur. The 
physician should set no limits to the improvement which may occur 
in the disease if its victim possesses courage and a determination to 
get well. 

Conclusions. 1. Spinal cord degeneration is present in practically 
all cases of pernicious anemia. 
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Therapy is adequate only when the blood is restored to normal 
morphologically as well as numerically. Macrocytosis is an indica- 
tion of failure of treatment. 

3. Spinal cord degeneration rarely tends to progress if treated 
adequately. Striking clinical improvement may occur. 
The author's thanks are due Prof. C. P. Howard and Prof. A. H. Gordon for per- 


mission to use material from their services, and to Miss Helen Macoun and Miss 
Eleanor MacKinnon for technical and other assistance. 


REFERENCES. 


1. Grinker, R. R., and Kandel, E.: Pernicious Anemia: Results of Treatment of 
the Neurologic Complications, Arch. Int. Med., 54, S51, 1934. 
2. Goldhamer, 8. M., Bothell, F. H., Isaacs, R., and Sturgis, C. C.: Neurologic 


Changes in Pernicious Anemia, J. Am. Med. Assn., 103, 1663, 1934. 

3. Miller, D. K., and Rhodes, C. P. Elements of the Gastric Secretion and of the 
Liver in Some with Achlorhydria and Anemia, J. Clin. Invest., 14, 153, 1935. 

4. Mills, E. 8.: Papilloedema in Pernicious Anemia, Canad. Med. Assn. J., 32, 
546, 1935. 


THE HEART IN MYXEDEMA: CORRELATION OF PHYSICAL AND 
POSTMORTEM FINDINGS. 


By Winturam H. Hicains, M.D., 


PROFESSOR OF CLINICAL MEDICINE, MEDICAL COLLEGE OF VIRGINIA, 
RICHMOND, VA, 


(From the Medical Department, St. Elizabeth's Hospital 


A REVIEW of the literature on the heart in myxedema reveals 
considerable confusion concerning the true nature of the cardiac 
lesions. Some feel that they are part of the hypothyroid state, 
while others believe they are purely incidental. Unfortunately the 
lack of adequate autopsies has prevented a detailed study of the 
underlying factors, as practically all of the observations have been 
based solely on clinical examinations. * 

The first and probably the most complete pathologic description 
of the heart in myxedema appears in a review of 20 cases by the 
Clinical Society of London! (1888). The left ventricle was hype r- 
trophied in one-third and in ‘more than half there was an atheroma 
of the arteries. A fibrous myocarditis was found in 3 of the 9 cases 
examined microscopically. Some doubt may be thrown on the 
proper selection of their material owing to a lack of knowledge of 
glandular disturbances at that period. 

At the Massachusetts General Hospital only 5 autopsy records 
of the heart in myxedema are available. Four of these showed 
interstitial edema with more or less fibrosis of the heart muscles, 


* Gordon’s case recently reported, at the 1935 meeting of the Association of Ameri- 
can Physicians, in which the increased cardiac shadows and dullness was found to be 
due to pericardial effusion, illustrates the need for deciding the question of cardiac 
hypertrophy in myxedema on the basis of pathologic anatomy.—EpiTor. 
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and 1 showed fibrosis only. Ohler and Abramson" report that only 
one partial postmortem examination (unfortunately without micro- 
scopic studies) is available at Thyroid Clinic of the Boston City 
Hospital. The heart weighed 335 gm. and there was edema of the 
epicardial fat and a translucent light-red heart muscle. The aortic 
arch showed irregular bands of small vellow projections running 
longitudinally with a few small gray-white opaque scars. No 
thyroid therapy had been instituted. 

In a case reported by Fishberg*® the myocardium exhibited small 
scars and there were atheromatous changes in the large bloodvessels 
as well as in the coronary arteries. Schultz* found marked alterna- 
tions in the nuclei and a granular degeneration of the heart fibers. 
Ile also noted the presence of edema between the fibers. 

Scholz,® on the other hand, considered the pathologic changes in 
the heart in myxedema as merely coincidental. 

Experimentally, removal of the thyroid gland in animals causes 
gross alterations in the cardiovascular system. Goldberg® showed 
that sheep and goats made cretinoid by removal of the glands 
developed cardiac dilatation and a flabby myocardium. In 7 of his 
IS sheep excessive pericardial fluid was found. Others working 
on thyroidectomized animals noted in some instances degeneration 
of the individual muscle fibers of the myocardium and edema of the 
interfibrillar tissues, and in others evidence of pathologic changes 
in the pericardial sac. On the contrary Kiski'® and Brooks and 
Larkin'® concluded from their postmortem studies on animals that 
the cardiac signs and symptoms produced as a result of hypothy- 
roidism were not due to alterations in the heart muscle. 

The first intensive clinical study of the heart in myxedema was 
made by Zondek™ in 1918. He found diffuse cardiac enlargement, 
occasionally limited to the left side and by fluoroscopy he noted 
sluggish muscular contractions of the enlarged heart which returned 
to normal after thyroid therapy. Many other authors nota- 
bly Meissner,?® Zins and Résler,”* Eppinger,* Holzman,” 
Ayman,’ Davis*® and Fahr'? have reported cardiac enlargement as 
a feature in myxedema. In Fahr’s publication he cited in detail a 
case with a shrinkage of 6.3 cm. in the transverse diameter over a 
period of 7 weeks’ treatment with thyroid extract. Previous admin- 
istration of digitalis was unavailing but under glandular therapy 
not only was there an actual decrease in the cardiac outline but all 
signs and symptoms of decompensation disappeared. Lerman, 
Clark and Means? believe that myxedema heart in the sense of 
cardiac enlargement which undergoes shrinkage on thyroid medica- 
tion (so-called “accordion heart’) is common; in the sense of Zondek 
and Fahr (7. ¢., cardiac enlargement in association with congestive 
failure) it is rare. 

In contrast to these views, Willius and Haines'® believe that gross 
‘ardiae enlargement is only an occasional accompaniment and not 
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a common feature in myxedema. In their study of 162 myxedema 
patients 91°% showed no signs or symptoms of cardiovascular dis- 
ease. The remaining 9°% had cardiac disturbances which could be 
accounted for in their opinion on grounds other than a low thyroid 
function. Unfortunately their conclusions are not based on any 
roentgenologic examinations of the heart. 

In addition to the work on the size of the heart numerous observa- 
tions on the vascular system with special reference to the association 
of anginal attacks with myxedema have been made. Hertogbe!® in 
1914 suggested that the pain was due to a myxedematous infiltration 
of the nerve cells of the supporting connective tissue. Sturgis”! 
and Whiting and Sturgis”’ thought that arteriosclerosis was a factor 
in the causation of the anginal syndrome but felt that the associated 
anemia was of extreme importance because of the resulting added 
strain on the heart. 

Means, White and Krantz,” Abrami, Brule and Hietz” believed 
that the attacks of angina may be the result of thyroid therapy, 
particularly in cases associated with arteriosclerosis. It was the 
opinion of these observers that the production of pain was due to an 
increased flow of blood following the use of thyroid where there 
was an arteriosclerotic narrowing of the coronary vessels. 

There is little mention in the literature concerning the relation- 
ship between myxedema and hypertension. It apparently may 
coexist but is not necessarily a part of the clinical picture. 

Several writers have limited their reports to electrocardiographic 
studies. Most of them have corroborated Zondek’s original findings 
in which he emphasized flat P waves, flat or inverted 7' waves, and 
low R waves. These changes were interpreted as a result of the 
diminution in the strength of contractions of the auricle and ven- 
tricle inherent in myxedema. In 2 cases Chini'* found the typical 
coronary 7’ wave described by Pardee. There is a general impression 
that when these changes occur they will return to a normal graph in 
the majority of cases following thyroid therapy. 

Clinical Observations. In 1925 the writer® reported a series of 
25 cases of myxedema. Since that time 2 of this group have devel- 
oped cardiac manifestations which form the basis of this study. A 
brief résumé of their clinical course and subsequent postmortem 
findings follows: 


Case Reports. (Case 1.—A white female, aged 53, was first seen in 
1925 complaining of marked weakness. At that time she had been confined 
to her bed for several weeks presumably with heart disease. Her mental 
faculties were dull and she was more or less semicomatose. Her skin was 
dry but there was no edema. Aside from distant heart sounds nothing of 
significance was found in her circulatory system. Her blood pressure was 
125/80 and her B.M.R. was —28. After thyroid therapy there was a 
prompt response resulting in a complete remission of symptoms. She 
found from experience that a discontinuance of the thyroid would cause a 
return of her discomfort. Her last illness followed a 2 months’ interruption 
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of treatment and on admission to the hospital she was markedly dyspneic, 
semicomatose and anemic. There was evidence of cardiac enlargement and 
a small amount of fluid at the right base. Pulse, 80; respirations, 36; blood 
pressure 110/70. The liver extended to the level of the umbilicus but 
there was no edema of extremities. Hbg. 55°7; red blood cells 2,560,000; 
white blood cells 7600. Blood urea 80; chlorids 380; serum calcium 7.6; 
Wassermann and urinalysis tests negative; B.M.R. —18 (after 1 week of 
thyroid treatment). Roentgen ray of chest showed a much enlarged heart. 
Its greatest transverse diameter was 21 cm. After 2 weeks of thyroid 
therapy the transverse diameter was 17} cm., or a shrinkage of 35 cm. 
during which time there was a clinical improvement. Fluid was present 
at the right base. While still in bed precordial pain developed followed 
later by evidences of coronary occlusion, thrombi in left brachial artery, 
heart block, cardiac decompensation and death. During her entire illness 
the respiratory rate continued above 40 per minute. Prior to the last few 
days, the pulse had a regular rhythm and good volume at 75 to 80 per 
minute and her blood pressure averaged 110/70. Electrocardiographic 
tracings on admission showed a normal rhythm, but a negative 7 wave in 
Lead 1. A week later the 7’ waves in Lead I continued inverted and there 
Was an increase in rate. At the end of the second week there were further 
T wave and amplitude changes and in addition there was a varying P-R 
conduction time. These abnormalities were followed later by marked 
changes in the Q@-R-S and 7 complexes. The final tracings showed a 
migratory P wave with still greater amplitude changes and slurring of the 
Q-R-S complexes. Thyroid therapy was continued during the greater 
part of her illness and was supplemented by digitalis for a short period 
following the second tracing. 

Autopsy (Dr. J. 8. Horsley, within 1 hour after death). About 500 ce. 
of fluid was found in both pleural cavities but none in the pericardial sac. 

Heart somewhat hypertrophied (400 gm. after fixation) and attached 
over most of its apical half by firm adhesions, with blotchy hemorrhagic 
patches, to the pericardium. On cutting away the latter the rest of the 
epicardium was seen to be smooth and shining, except for a large white 
milk spot over the left auricle. The subepicardial fat was moderate in 
amount. All coronary arteries were much thickened. On section the left 
ventricular wall, when traced toward apex, showed a gradual transforma- 
tion to fibrous tissue, which at the apex was only 3/16 inch thick. Attached 
to the whole apical half of the cavity was a huge thrombus, almost filling 
the cavity. Another firm thrombus filled the left auricular appendage. 
The aortic and mitral valves showed patchy yellow sclerosis of moderate 
degree (Fig. 1). 

Microscopically, at the apex the changes were those commonly found in 
the fibroid myocardium of coronary arteriosclerosis, but of a most advanced 
type, 7. e., the fibrosis was more marked, and the muscle more atrophied 
than usual, the latter in fact having almost disappeared. Attached to the 
inner surface were layers of fibrin almost cell-free (Fig. 2). 

Case 2.—A white female, aged 55, was first seen in 1925, complaining 
of weakness and swelling of extremities. Her physical examination was 
essentially normal at that time with the exception of a B.M.R. of —33. 
Her symptoms disappeared under thyroid treatment although a discontinu- 
ance of glandular therapy would cause a return of her discomfort. During 
one of these intermissions 4 months before admission to the hospital she 
had an episode typical of coronary occlusion, from which she made a slow 
but satisfactory recovery. No thyroid was given during this period. Her 
symptoms necessitating hospitalization for her second illness began 2 weeks 
previously with dyspnea, swelling of the legs and weakness. On examina- 
tion her heart was enlarged but there was normal rhythm. Pulse 86; 
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respiration 36; blood pressure 140/90. There were physical signs of fluid 
at both bases and edema of both legs. Her liver extended a hands’ breadth 
below the costal border. Roentgen ray of the chest showed an enlarged 
heart having a transverse diameter of IS em. Electrocardiogram on admis- 
sion showed diphasic 7 waves in Leads I, II, IIT and IV and isoelectric 7 
in Lead II. One week later 7; and 7, were positive, 7’; diphasic and 7, 
isoelectric. Hgb. 60°;; red blood cells 3,342,000; white blood cells 12,400; 
chlorids 840; globulin 2.2; albumin 3.6; creatinin 5.1, mg. per 100 cc. blood. 

There was only a slight decrease in the size of the heart shadow during 
her illness and very little response to thyroid therapy. Dyspnea was the 
outstanding symptom which seemed to be out of proportion to the amount 
of circulatory disturbance. Evidence of further coronary involvement 
developed which apparently caused her death. 

Autopsy (Dr. J. P. Baker, Jr., within 1 hour after death Several 
hundred ce. of fluid was found in the right pleural cavity, but none in the 
pericardial sac. 

A moderately hypertrophied heart (450 gm. after fixation), with smooth 
glistening pericardium, increased subepicardial fat, and extremely sclerosed 
coronary arteries, the lumina of which are reduced to pin-point size. On 
section, the entire apical half of the left ventricular myocardium shows 
nearly complete replacement of fibrous tissue, the thickness of this at the 
apex being about } inch. Firmly attached to the apical third of the endo- 
cardium is a hard white thrombus. The mitral and aortic valves are un- 
affected. The right cavities and left auricle appear normal (Fig. 3). 

Microscopically, at the apex the changes found were those typical ot 
fibroid myocardium in coronary arteriosclerosis, but were of a most ad- 
vanced kind. Epicardium and fat were normal. The myocardium was 
reduced to one place to about ;') inch thickness, and everywhere about the 
apex was largely replaced by fibrous tissue with small islands of isolated 
muscle fibers in various stages of atrophy and degeneration. The small 
vessels, branches of the anterior descending coronary, were thickened to a 
marked degree. Attached to the endocardium were layers of fibrin con- 
taining little or no red cells, for a considerable thickness. The left coronary 
artery, about an inch distal to its origin was reduced in diameter to less than 
one-third, the walls being enormously thickened by crystallin material 
(Fig. 4). 


Discussion. Although the term myxedema heart is accepted by 
most observers there is a wide difference of opinion as to whether 
the apparent increase in size of the cardiac shadow is due to peri- 
cardial effusion, dilatation, actual hypertrophy or a type of myo- 
cardial flabbiness resulting from a low metabolic rate. Lerman, 
Clark and Means? found fluid in the pericardium in their 2 autopsied 
patients who had not received thyroid before death, but aside from 
its occurrence in part of Goldberg’s experimentally produced myx- 
edemas in sheep, it has not been a prominent feature. Actual 
hypertrophy with or without dilatation was present in the majority 
of the other authentic postmortem records and has been a frequent 
finding by Roentgen ray in the clinical records. 

It is reasonable to presume that the microscopic findings in 
these cases would vary according to the stage of the myxedema as 
well as to whether thyroid therapy had been in progress prior to the 
death of the individual. The presence of a mucin-like infiltration 


hic. 1.—Myxedema heart (400 gm. after fixation), showing almost complete fibrosis 
toward apical region. Black line indicates the cut edge of the endocardium. <A fresh 
thrombus is seen in situ. 


Fic. 2.— Microscopic section of myxedema heart showing muscle degeneration and 
fibrosis near apex. (xX 100.) 
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Fig. 3.—Myxedema heart (450 gm. after fixation), showing replacement of muscle 
with fibrous tissue and a fresh apical thrombus. Black line indicates the cut edge of 
the endocardium. 


Fic. 4.— Microscopic section of the heart taken near the apex showing fibrosis, and 
extreme coronary occlusions. (xX 100.) 
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in the myocardium in the untreated individuals is not incompatible 
with the finding of granular degeneration and fibrosis in one where 
thyroid had been administered. The frequent reference to arterial 
changes in these studies and the well-known presence of arterio- 
sclerosis in the clinical records of myxedema are worthy of a more 
detailed discussion. 

There appears to be a striking analogy between the occurrence of 
arteriosclerosis in diabetes and spontaneous mm) xedema. In both 
instances the sclerotic process often begins early in the disease 
regardless of the age of the patient, and is one of the most constant 
findings in both maladies in their terminal stages. In a recent 
survey of vascular complications in diabetic individuals dying in 
New York City during 1930, more than half of the deaths were 
attributable to cardiovascular diseases. Of 100 diabetic patients 
past the age of 40 Enklewitz" found that 79 had arteriosclerosis of 
the aorta and 70 showed the same process in the kidneys. Coronary 
thrombosis occurred twice as frequently in diabetic as in non- 
diabetic patients. Joslin” states that the evidence implies that the 
increasing incidence of arteriosclerosis in the diabetic individual 
can be checked and the earlier types of arteriosclerosis overcome 
by a diet which provides for a complete oxidation of fat. 

The analogy between these two diseases is further borne out by 
the constant finding of a high cholesterol in both conditions. The 
presence of hypercholesteremia in myxedema is so invariable that 
it is now regarded as a more reliable index of thy roid underactivity 
than even the basal metabolic rate. Although the etiologic factors 
entering into the development of arteriosclerosis are not definitely 
established, none has a more convincing experimental] basis than 
the réle of the cholesterol esters. Many years ago Virchow sug- 
gested the relationship of abnormal fatty metabolism to these 
vascular changes and more recently Aschotf® has modified it. 
According to his conception, there is a fatty deposition in the walls 
at the site where vessels are under physiologic strain. ‘These lipoid 
substances apparently are derived from the blood and reach the 
intima by way of the lymph to be precipitated in the fine meshwork 
of the intermediate elastic layer. As the cholesterol esters becomes 
more concentrated in the blood stream there is an increasing imbibi- 
tion of these lipoids into the vessel walls. The greater the accumu- 
lation of lipoids in the interstitial tissue the more obvious does the 
presence of droplike deposits in the cells of the intima become. 
There is experimental evidence to show that every lipoid infiltration 
of the intima when it has been present a sufficient time causes a 
reactive hypertrophy of the adjacent intimal tissues. As a result 
of this superconcentration of lipoids areas of necrosis develop which 
in turn are followed by a deposition of calcium salts. 

Anitschkow” has described lesions of the vessels which he believed 
to be true arteriosclerosis in certain animals obtained with a diet rich 
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in cholesterol. These findings have also been confirmed by New- 
burgh and Clarkson.® Shapiro* was able to produce arteriosclerotic 
changes and a hypercholesterolemia in rabbits by thyroidectomy 
and a high cholesterol diet. Although this experimental arterio- 
sclerosis shows certain definite variations from the human type, 
it is sufficiently close to be of clinical significance particularly in 
those diseases associated with a high cholesterol in the blood. 

Another factor to be considered in the production of the terminal 
changes in the myxedema heart is the strikingly slow velocity of 
blood flow in these cases. Blumgart, Gargill and Gilligan’ have 
shown that the slowing of the blood flow in myxedema was almost 
as great as that observed in patients with rheumatic valvular heart 
disease with auricular fibrillation and congestive failure. The 
great increase in velocity of the blood that occurs when the basal 
metabolism rate is raised to normal affords a rational explanation 
of the clinical manifestations of cardiac insufficiency which not 
infrequently follow too active glandular therapy in myxedema. 

This physiologic breakdown coupled with the tendency to arterio- 
sclerotic narrowing of the vessels justifies the assumption that the 
coronary system eventually fails to supply the needs of the heart and 
myocardial incompetence results. ‘The autopsy records of the 2 
cases reported bear out this conclusion and offer a reasonable cause 
for the clinical course in each instance. Other available pathologic 
studies tend to substantiate this impression. There is, however, a 
general feeling based largely on cardiac findings following total 
ablation of the thyroid gland that myxedema heart in the sense of a 
condition precipitating attacks of congestive heart failure does not 
exist. In the clinical records of the first patient there is ample 
evidence of decompensation prior to the development of coronary 
occlusion. In the second case similar findings were present but they 
may have been the result of a failing myocardium following a coron- 
ary episode 4 months previously. It must be remembered in this 
connection that whereas spontaneous myxedema is a gradually 
developing disease over a period of many years the artificial type 
is of much shorter duration. If abnormal cholesterol metabolism is 
the chief etiologic factor in the production of the vascular changes 
found in spontaneous myxedema it is obvious that not sufficient 
time has elapsed to evaluate its effect on the heart in artificial 
myxedema. 

It may be concluded from the experimental evidence and the 
available postmortem findings that changes in the cardiovascular 
system in myxedema are of frequent occurrence. Sufficient evidence 
has accumulated to make it apparent that the term myxedema 
includes varying groups of thyroid underactivity. We no longer 
restrict the diagnosis to the clinical picture originally described by 
Gull and it is, therefore, not reasonable to assume that similar- 
circulatory findings would be present to the same extent in the incip- 
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ient as in the advanced types. In the early stages of thyroid defi- 
ciency it is probable that there is a mucin-like infiltration of the 
muscle fibers which can be overcome by the judicious use of thyroid 
extract. The postmortem findings from the Massachusetts General 
Hospital and also the one reported by Schultz‘ would seem to indi- 
cate that their cases fell in this group. 

As the disease progresses further degenerative changes occur 
and a more advanced pathology is found. This is characterized 
by a definite enlargement of the heart and the development of 
sclerotic areas in the arterial vessels. Because of these early and 
late changes degeneration of the muscle fibers take place to be fol- 
lowed by an extensive fibrosis of the myocardium. The most logical 
explanation for the resulting arteriosclerosis is the presence of high 
percentage of cholesterol in the blood. If proper doses of thyroid 
are selected it is reasonable to believe that further damage to the 
heart and circulatory system can be avoided. The excessive use, 
however, of glandular therapy would tend to increase the velocity 
of the blood through the heart and coronary failure would probably 
follow. 

The heart in myxedema is a distinct clinical and pathologic 
entity and should be considered in the differential diagnosis of every 
obscure cardiac disease. It seemingly bears a direct relationship 
to abnormal cholesterol metabolism and its prevention depends 
largely on its early recognition. 

The pathologic studies on the cases reported in this paper were made by Dr. Frank 
Apperly, Head of the Department of Pathology, Medical College of Virginia, to 
whom I am deeply indebted. 
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THE purpose of the research reported here is to ascertain life- 
expectancy in patients who have electrocardiographic evidence of 
damage to the intraventricular conduction system of the heart. 
It has been customary to consider these lesions under two categories, 
bundle branch block and arborization block, but we treat both here 
under the head of intraventricular block in the broad sense of the 
term. 

Electrocardiograms have been classified as examples of bundle 
branch block only when they present (1) definite left or right axis 
deviation, (2) appreciable slurring of the Q-R-S deflections or 
measurable delay in conduction time of this total complex group 
over 0.1 second, and (3) 7’ waves pursuing a direction reversed from 
the major Q-R-S deflection in Leads I and III. Curves demon- 
strating marked delay in the tracing of the Q- R-S complex group, 
but failing to fulfill the other criteria mentioned above, have been 
assembled in a heterogeneous group and designated as examples 
of intraventricular block. 

In a recent report which includes few data on prognosis, Bayley’ 
identifies, in addition to the classical “levogram”’ and “‘dextrogram”’ 
forms, three groups which he believes represent additional examples 
of “dextrogram”’ bundle branch block. All of these three sub-groups 
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present definite slurring of S,, and prolonged Q- R-S excursion time. 
Comment will be made later on the statistical justification of this 
classification. 

Klectrocardiographic identification of the site of lesion in bundle 
branch block has been a matter of controversy and the subject of 
several recent reports. We have termed the commonly occurring 
type of “levogram form,” the left bundle branch block, and the 
infrequently occurring type of ‘“dextrogram form,” the right bundle 
branch block, according to the scheme of Wilson et al2 

Graybiel and Sprague® have divided the group of intraventricular 
blocks into three classes: (a) the homophasic form, in which the 
T’ waves occur in the same direction as the major Q- R-S deflections; 
b) the indeterminate type, in which the major deflection of the 
()-R-S group is in the same direction in all three leads; and (c) 
a group with Q-R-S delay, but not falling into any of the above 
classifications. According to their data, none of these types was 
found to differ appreciably in prognosis from the two “classical” 
bundle branch block groups. 

Discussion of Data. The case records analyzed covered the 20- 
year period from 1913 to 1933, during which time one or more 


TABLE 1 Cases OF BUNDLE BRANCH BLOCK. 


Dead 
N Ne 
Distribution pa 8 total patients 
Type: 
Left bundle branch block (levo- 
gram form 146 93 109 TS om 
tight bundle branch block (dex 
trogram form ll 7 10 91 — 
Sez 
Males 96 61 76 Sl 
Females 61 10 — 1.3 71 
{ge groups (at time of discovery of 
lesion ° 
To age 40 14 9 12 85 
10 to 49 24 15 19 79 - 
50 to 59 19 31 34 69 
60 to 69 17 30 — 37 SO 
70 to 79 19 12 15 79 - 
SO or over i 3- 3 75 
Etiology: 
Arteriosclerotic . . 56 36 13 SO 
Hypertensive and arteriosclerotic 52 34 —- 40 77 
Syphilitic 14 9 13 93 
Rheumatic 10 6 
Thyrotoxic 7 5- 2 29 — 
Miscellaneous and doubtful etiol- 
ogy 18 11 10 55 
Total 157 121 77 


Fatality of 50 patients of whom successive electrocardiographic records were made: 
Electrocardiogram 
Showed Showed 
Unchanged advancing form receding form 
\ of 


Case fatality . . 80+ 80 — 


OO SAMPSON, NAGLE: 


electrocardiographic records of each of approximately 8000 patients 
were secured in the laboratory of the University of California 
Hospital. The data assembled in the accompanying tables and 
figures include the duration of life in years and in percentages of 
estimated life expectancy lived as derived from the medico-actuarial 
estimates in the year 1924, as well as the case fatality rates of patients 
presenting the lesions under discussion. 

Table 1 represents the case fatality rates of the group of 157 
patients whose tracings presented examples of classical bundle 
branch block; and Table 2 those of the heterogeneous group of 112 


TABLE 2.—Cases OF INTRAVENTRICULAR BLOCK 


Dead 
No N 
Distribution by patients of total patients 

Sez: 

Males 75 67 38 51 

Females 37 33 14 38 
Age groups (at time of discovery of 

lesion: 

To age 40 28 25 S 29 

40 to 49 24 21 6 25 

50 to 59 26 23 14 4 

60 to 69 27 24 19 70 

70 to 79 5 4 4 SU 

SO or over 2 2 l 50 
Etiology: 

Arteriosclerotic 39 35 25 64 

Hypertensive and arteriosclerotic 19 17 10 53 

Syphilitic Ss 5 55 

Rheumatic 12 11 s 66 

Thyrotoxic 4 H 2 50 

Congenital 7 6 1 14 

Miscellaneous and doubtful etiol- 

ogy 22 19 3 14 
Total 112 52 46 
Fatality of 42 patients of whom successive electrocardiographic records were made: 
Electrocardiogram 
Showed Showed 
Unchanged advancing torn receding form 
Case fatality 32 744 10 


examples of atypical intraventricular conduction system block. 
Because no cognizance is taken of the length of time the living 
patients were followed, these case fatality rates cannot be accepted 
as an accurate estimate of prognosis. Actually, however, these 
‘ase fatality rates are close approximations since a great number of 
patients recorded as dead passed into that classification relatively 
shortly after discovery of the lesion, at which time most of the living 
patients were still being followed. Thus, the known fatality was 
never more than 10% lower than the hypothetical case fatality rate 
based on the supposition that all the “living” patients had been 
followed as long as the longest period in each group; namely, 17 
years for the intraventricular blocks and 11 years for the bundle 
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branch blocks. It is likewise recognized that some of the patients 
who died did not die of cardiovascular disease. The number which 
fall into this group is known to be too small to affect the case fatality 
figures. 


TABLE 2A,—SUBCLASSIFICATIONS OF INTRAVENTRICULAR BLOCKS. 


Fatality 
Living Dead Potal 

I. Left (Graybiel and Sprague's classification 

A. Homodirectional, left (7 upright in 
Lead | 13 15 5S 28 

B. Classical form, left bundle branch 
block (criteria doubtful 17 10 2% 37 
C. Mixed type (all &’s upright 13 5 1S 25 
D. Miscellaneous 12 33 
Total SI 34 115 29 

Fatality 
Living Dead Total 
II. Right (Bayley’s classification—all have 
slurred S; 

A. Classical form, right bundle branch 
block (criteria doubtful 10 3 L3 23 

B. Ry greater than S;, otherwise the 
same s l 9 11 

(. Prominent Ss, with slurred upright 
wave following it | 2 } 50 

DD. Deep Ss, without slurred upright 
wave following it 7 3 10 30 
Total , 27 9 36 25 


There are added to this group of intraventricular block, 39 cases of ‘‘classical”’ 
form of bundle branch block and 1 case of intraventricular block that were not 
entered in either Tables 1 or 2 because the criteria were doubtful. This accounts 
for the discrepancy in total number of cases in this table (151) as compared with 
lable 2 (112). 


TABLE 3.—BuNDLE Brancu Biock. CHANCE OF SURVIVAL, IN PER CENT, FOR 
Eacn Year or Lire Atrtratnep FOLLOWING Discovery LESION. 


No. of years 


patient has 


survived fol Chances patient mav survive to end of 
lowing «is — 
covery of Ist Jd ith th 6th 7th Sth 9th 11th 
lesion vr yr vr vr yr yr vr vr vr 
Onset 72 6 12 36 30 27 22 21 21 21 20 
l 60 | 10) 36 30 27 
2 1 65 52 17 10 35 34 
SS 7s 72 it 16 it} 44 
SO 72 59 54 51 
91 74 68 68 68° 64 
6 S2 74 74 74 71 
7 93 93 93 SY 
8 93 93 93 
9 93 93 
10 OS 


From the hypothetical case fatality graphs connecting the middle 
coérdinates in Figures 1, 2, 3 and 4, Tables 3, 4, 5 and 6 have been 
constructed. Tables 3 and 5 give, for each of the groups, the esti- 
mated chance of survival, in percentage, for each year of life follow- 


9°? SAMPSON, NAGLE! 


1 2 3 4 5 6 7 8 Q 10 1l 
Years of Life 


Fig. 1.— Distribution of 157 cases of bundle branch block according to years of 
life to which they were followed after discovery of the lesion. See descriptive footnote 


LEGEND Footnote TO Figs. 1, 2, 3 AND 4. 


Figs. 1, 2, 3 and 4 represent the integral curves of the estimated disposition of 
100% of the cases in each group, Figs. 1 and 2 of the cases of bundle branch block, 
and Figs. 3 and 4 of the heterogeneous cases of intraventricular block. The ordinates 
represent the percentages. The abscissx of Figs. 1 and 3 indicate the changes that 
have taken place after each year of life since the discovery of the lesion; while the 
abscissz of Figs. 2 and 4 represent the changes that have occurred after each 10% 
of the theoretical 100% of life expectancy. 

The upper curve in each figure connects the points representing the actual per- 
centages of patients known to have died during each successive period. The lower 
curve connects the points representing the percentage of patients known to be living 
at the end of each successive period. These percentages drop rapidly, of course, 
after 5 years’ time, reaching 0 at the end of 11 years in the bundle branch block chart, 
and 17 years in the intraventricular chart, as these were, respectively, the longest 
numbers of years that any patients in the groups were followed. (Note the intra- 
ventricular block chart is carried only to 16 years.) 

The middle curve represents estimates of the percentage of fatality in successive 
periods, including a final estimate for the complete group. The points in the curve 
have been obtained by applying the known fatality rate of each period to the number 
of living patients that have dropped from observation during the preceding period. 
The estimated percentage of fatality of the unobserved patients is added to the 
fatality rate of observed patients; and a hypothetical percentage of fatality for the 
entire group is thus obtained. 

If a curve-smoothing device had been applied to these graphs, the unusual devia- 
tion noted in Tables 3, 4, 5 and 6 based on actual case number calculations would 
not have occurred. For example, in Table 3 a patient has a 73% chance of surviving 
to the end of the second year if he survives 1 year after the discovery of the bundle 
branch block, but only a 71% chance of survival to the end of the third year if he 
survives 2 years after the discovery of the lesion. 
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Fig. 2.-— Distribution of 157 cases of bundle branch block according to percentage 


of total life expectancy to which they were followed after discovery of 


the lesion. 
See desi riptive footnote 
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1 2 3 4 5 6 7 8 9 10 li 12 13 14 15 16 
Years of Life 
Fig. 3.—Distribution of 112 cases of intraventricular block according to years 
of life to which they were followed after discovery of the lesion. 


See descriptive 
footnote. 
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Fic. 4.—Distribution of 112 cases of intraventricular block according to per 
centage of total life expectancy to which they were followed after discovery of the 
lesion. See descriptive footnote. 

TABLE 4.—BuUNDLE BrANcH BLock. CHANCE OF SURVIVAL, IN PeR CENT, FOR 
10° or Lire Exrpectancy FOLLOWING Discovery or LESION 
Per cent 
of life 

expectal 
attained 
followu ( il i 
dis ve 

les 0 0 ( Ho st) 
0 54 4 27 24 22 1) 19 19 19 19 
10 72 3 5 ) ) 
20) Ho 61 19 10 149 19 
3() SS ee 73 71 71 71 71 
SS SS SS SS 
60 97 97 97 97 
70 97 97 97 
SO 97 97 
90) 97 


ing the discovery of the lesion. Tables 4 and 6 give the chance of 
survival, in percentage, for each 10°) of total life-expectancy 
attained following the discovery of the lesion. Thus, in Table 3 
it is seen that an individual has, at the time of the discovery of his 
lesion, a 20° chance of surviving 11 years longer; whereas, if he 
survives for 3 years, his chance becomes 44°; of surviving the re- 
maining 8 years. This remarkable improvement in. statistical 
prognosis, which takes place as time elapses following the discovery 
of the lesion, is most effectively demonstrated in the tables calcu- 
lated on the percentages of life-expectancy, since this method of 
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TABLE 5 INTRAVENTRICULAR BLOCKS. CHANCE OF SURVIVAL, IN PER CENT, FOR 
YEAR or Lire ATTAINED FOLLOWING DiscoveRY OF LESION. 


No. vrs Chances patient may survive to end of 


(Onset SI 74 67 bo 5S 5S 52 52 52 5? 51 51 
1 423 @5 64 64 64 63 63 63 
2 9] so 79 72 FO 70 70 69 69 69 
4 90 90 81 79 79 %79 #79 78 78 
7 SO SO SO ONG &7 
10 Qs On) OF 
12 GS OF 
13 OS OS YS 
14 US 
15 OS 
Pasie 6.--INTRAVENTRICULAR BLocKs. CHANCE OF SURVIVAL, IN PER CENT, FOR 
10°) or Lire Expecrancy Arrainep FOLLOWING Discovery Or LESION 
expect 
ttair 
llow ( 
lis ry 
lesior 0 0 oo i) () 
0 ( 5S 53 51 19 
10 s] 7s 75 71 ou Gs Os 
20) S35 Ss] st) 78 7s 7s 
10 Ow) So S7 
50 Of O4 Qy Qv Q? 
70 OS 
QS Qs 
US 


tabulation discounts the natural fatality chances of the elderly 
individual. The high case fatality rate for the first vear of life 
after the discovery is thus made obvious. Such fatal cases may 
represent rapidly developing but not instantaneous occlusion of 
coronary arteries which in our experience do not often present the 
picture of classical bundle branch block. 

The chance of an individual in the bundle branch block group to 
survive to 100° of his life-expectancy, rises from 10° to 49° if 
he survives 20°; of the total expectancy after the discovery of the 
lesion. It is acknowledged that the time of discovery of the lesion 
is later than the actual onset, but we believe from the shape of the 
curves in Figures 1, 2, 3 and 4 that the majority of the onsets is 
close to the times of discovery. 

Several interesting observations may be made from the data 
recorded in Tables 1 and 2, as follows: 


patient has 
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1. In comparing these data with those recently published by 
Graybiel and Sprague* who had 308 patients followed for an un- 
known period (from 16,000 records of the Massachusetts General 
Hospital), the following is noted: They obtained 75 examples of 
classical left bundle branch block and 19 of right bundle branch 
block (total 94), and 214 examples of the three atypical intra- 
ventricular block groups; whereas, among our cases there were 
146 left bundle branch blocks and 11 right bundle branch blocks 
(total 157), and only 112 cases of atypical intraventricular defects. 
Their case fatality rate was approximately constant, numerically : 


Dead. 
Right bundle branch block 67 
Left bundle branch block 77 
Atypical group . . 74 

as compared with our cases: 

Dead 
Right bundle branch block 
Left bundle branch block 75 
Atypical group ; . 46 


2. The case fatality rate of the females was definitely lower than 
that of the males, in both of our groups. 

3. In the cases of bundle branch block which were reviewed, a 
large number occurred in the involutionary decades of 50 to 60, 
and 60 to 70 years of age; whereas the cases of intraventricular 
block were fairly uniformly distributed to the age of 40, and mate- 
rially diminished in number during the decades following. 

4. The case fatality rate was found to be nearly uniform in both 
groups. That of the bundle branch block group was slightly higher 
in the early vears. In the group of intraventricular blocks, the 
fatality was quite low in the early decades, but approximated the 
fatality of the group of bundle branch blocks in the later decades, 
indicating that when the etiology is arteriosclerosis, the significance 
of both lesions was the same. 

5. Congenital heart disease produced no typical bundle branch 
blocks, only atypical forms; and theseattendant electrocardiographic 
changes held no prognostic significance.* 

6. The group of doubtful etiology had a relatively low fatality 
rate and probably represented cases of small focal lesions in the 
heart without general damage, and, therefore, insufficient symp- 
toms or signs to point toward a definite etiology. 

7. Among the luetic cases there was a much higher case fatality 
rate in patients presenting bundle branch block than in those with 
intraventricular block, the former being the highest fatality of any 
group assembled (93°). 

* One instance of typical right bundle branch block was observed in a patient 


with congenital heart disease who died by suicide. This is not included in our series 
of 157 cases. 
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8. Owing to the controversy as to whether or not thyrotoxicosis 
can Cause organic cardiac disease, it is of interest that several of the 
patients in both groups reported under thyroid heart disease were 
under the age of 45 and had no proven evidence of any other etio- 
logic agent. Those patients over the age of 45 may have had 
coronary arteriosclerosis contributing toward the cause of intra- 
ventricular or bundle branch block defects. There was one patient 
in whom definite myxedema was present. Approximately the same 
case fatality rate existed in this as in other etiologic groups. 

9. In the group of bundle branch blocks, patients with successive 
records showing no change had a lower fatality than patients whose 
electrocardiograms showed either advances or recessions from the 
extreme typical form of bundle branch block; but in the intra- 
ventricular block group the lowest fatality was found among 
patients whose electrocardiograms had indicated recession from 
the form of a bundle branch block. There was no constant interval 
between successive records in the same or different patients and the 
changes were estimated on arbitrary criteria. Such data probably 
have little significance. 

10. In the subclassification of intraventricular blocks according 
to Bayley’s' scheme, we find the case fatality rates uniformly lower 
than in the classical bundle branch block forms. From this evidence 
it would seem more reasonable to continue classifying these forms 
with the less serious heterogeneous group of intraventricular blocks. 

Conclusions. One hundred and fifty-seven cases of classical 
bundle branch block and 112 cases of heterogeneous atypical intra- 
ventricular conduction-defect (as demonstrated by electrocardio- 
grams), have been reviewed in an effort to estimate the prognosis 
of these groups. 

Certain prognostic findings seem to characterize these groups and 
their elements. Especially to be noted is the high fatality occurring 
in cases of bundle branch block during the first vear after the dis- 
covery of the lesion or in the first 20° of the life-expectancy and 
the remarkable diminution of the case fatality rate in the groups 
which survive these periods.* 


At time of publication 1 case of left bundle branch block was still in reasonably 
good physical health 12 years after the discovery of the lesion. 


We wish to thank Dr. William J. Kerr for the use of material and C. M. Rose 
and R. E. Sampson for assistance in case follow-up. 
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As a result of very elaborate theoretical work by Wilson and his 
collaborators! culminating in some clinical observations?* and 
amplified by the studies of Wolferth and Wood*®.* precordial leads 
have been introduced into the electrocardiographic study of heart 
disease. The main emphasis has been on the detection of changes 
indicating myocardial infarction. Although this procedure has 
been in use only for a few years, alterations in the electrocardio- 
gram have been observed by this method that have confirmed the 
diagnosis of coronary thrombosis made by the more usual means 
and at times has constituted the only reliable evidence of such 
diagnoses.2-"' In general it has been found that when one electrode 
is placed over the precordium and the other or indifferent electrode 
is placed on the back or left leg, the ventricular complex of a normal 
heart will show a sharp initial downward deflection (Q4) and an 
inverted 7-wave.'?'3 It has been emphasized that during the acute 
stages of myocardial infarction the Q- 7 interval may be significantly 
depressed below or elevated above the isoelectric line depending 
upon whether the lesion is in the anterior or posterior portion of 
the ventricle respectively. With anterior lesions it has also been 
noted that the @-wave generally disappears entirely so that the 
initial ventricular deflection is directed upward. In_ posterior 
lesions the ()-wave is expected to persist. Simultaneous the 7-wave 
of Lead IV which normally is inverted may become upright in 
anterior lesions and the inversion may be exaggerated with pos- 
terior involvement. The alterations of the 7-wave when they do 
occur can be temporary so that an essentially normal form may be 
eventually resumed. Wilson particularly has emphasized the more 
permanent changes in the Q—R-S complex in contrast to the tran- 
sient alterations in the T-wave. Although this has been generally 
confirmed in the present study, in one of our cases that was proved 


* This work was done in part under a grant from the Proctor Fund for the Study 
of Chronic Disease. 
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to have an anterior infarction a (4 was absent for about one week 
and then appeared a day or two before exitus. 

The purpose of this study is to record the electrocardiographic 
findings in a group of 44 cases that have come to postmortem exami- 
nation at the Peter Bent Brigham Hospital during this past year 
An analysis was made of these data to see if the fore-mentioned 
criteria are reliable and to ascertain what limitations, if any, there 
may be in their application. In addition, a survey was made of the 
electroc ardiograms i in a routine group of 100 consecutive ambula- 
tory cases of angina pectoris as seen in consultation practice. This 
was thought to be of some importance because although consider- 
able data have already been accumulated concerning acute coronary 
thrombosis and myocardial infarction little has been published in 
relation to angina pectoris. 

There is some difference in opinion concerning the exact technique 
in obtaining a precordial lead. Because the form of the ventricular 
complex varies considerably depending upon the part of the chest 
over which the electrode is placed, it has been suggested that 
numerous points over the precordium need to be explored to obtain 
a complete study. There has also been some question whether the 
indifferent electrode should be on the back of the chest or on the 
left leg. In order to simplify the technique and because Wilson'* 
is of the opinion that nothing of importance will be lost thereby, 
we have kept the indifferent electrode on the left leg. Believing 
that a long series of electrocardiograms would be cumbersome and 
having adduced evidence that one precordial lead is insufficient, 
applications in all cases have been made with the right arm electrode 
first at the fourth left parasternal space and then in the region of the 
apex impulse. In most instances the new type of electrodes, using 
paste, was employed. We are aware of the fact that different elec- 
trocardiograms may result from slight changes in the position of 
the anterior electrode but the deductions that will be made will 
recognize this limitation. 

Observations on 44 Autopsied Cases. ‘There were 44 cases in this 
study that were examined postmortem in which tracings using 
both the conventional leads and Lead IV were obtained during 
life. Of these 17 died of coronary artery disease, 4 of hypertensive 
heart disease, 4 of valvular disease, 5 of pneumonia, and 14 of mis- 
cellaneous causes. In this way comparisons could be made between 

cases with and without disease of the coronary arteries and betwee n 
cardiacs and non-cardiacs. We interpret Lead IV as “positive” 
(for myocardial infarction) if the Q-wave is absent* or if there are 
significant deviations of the RS—T segment. Lead IV is regarded 

* Following the advice of Dr. F. N. Wilson, we do not regard as “‘positive’’ those 
instances in which there is a slight initial upward deflection of the Q-R-S in Lead IV, 


followed by a deep downward deflection, as this may occur normally, especially with 
the electrode at the apex. 
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as ‘“‘questionably positive” if the Q-wave is present but measures 
2 mm. or less in height. The term “abnormal Lead IV” is applied 
if the 7-wave is upright and the ()-wave measures more than 2 mm. 
Finally Lead IV is termed “normal” if the Q-wave measures more 
than 2 mm. and the 7-wave is inverted. The conventional leads are 
designated as “abnormal” if there is an abnormal form of ventricular 
complex with “coronary 7’-waves,” deviation of the RS—T' segment, 
low electromotive force, bundle-branch block or defective intra- 
ventricular conduction. ‘Tracings with left ventricular preponder- 
ance, auricular fibrillation or flutter, or with a prominent (Q-wave as 
an isolated finding are not regarded as abnormal for the purposes of 
this analysis. 

As the tables show, there were 15 cases with “‘positive’’ Lead 1V 
in at least one of the chest positions. Of the 11 patients “positive’’ 
at both the left sternal border and the apex, 9 showed anterior 
infarction. The tenth patient had chronic nephritis with terminal 
uremia and bundle-branch block; at autopsy there was no coronary 
occlusion or myocardial infarction, old or recent. The eleventh 
showed a tuberculous pericarditis at autopsy) but no infarction. 
Of the 9 cases with anterior infarction at autopsy 6 showed “‘abnor- 
mal’ conventional leads while 3 showed essentially normal conven- 
tional leads. 


TABLE 1.—ANaAtysis OF Data or 15 AvuTopsigep Cases IN Wuicu Leap IV Was 
PosITIVvVE 
—_ — Name. Age. Sex. Clinical diagnosis. Conventional leads Autoy lin 
Present N.B ss M Cor. throm AFVE I Large ant ilar 
3.M 7 M Cor. thromt DIVC Large ant. infarc 
. M.P 69 M_ Cor. thromt AFVC (1 Large ant. infarct 
L.M. 40 M _ Cor. throm AFVC (T Large ant. infar 
= E. L 9 M Cor. thromb AFVC Large ant. infar 
ne] C.M. 79 F Cor. thromb Complete ht. block Large a infarct 
g BBB 
xa A.M. 47 M _ Cor. thromb. LVP; inv. T; and T; Ant. infarct 
Z.M 62 F Hypertensive ht. dis. LVP; Al Recent. ant. and hea 
infarct 
V.S 74 M_ Coronary art. dis Delayed A-V con- Old and recent ant. infarcts 
duct; VPB 
Absent W.B. 41 M Hypertens. ht. dis.; BBB (left Chr. nephritis; no pericarditis 
uremia 
P.M. 68 M_ Pulmonary infarct LVP; flat Tuberc. pericarditis 
= Present J.S. 75 M_= Angina pectoris LVP; AF; DIV¢ Healed post. infarct 
C.C. 63 F Hypertensive ht. dis. LVP; AF; in- Healed post. infarct 
=) verted 
ws W.R. 55 M _ Cor. thromb. AF’; auricular flutter Large ant. infarct 
Absent O.G. 52 M_ Syphilis BBB (right Luetic aortitis with narrow 


onary ostia 


There were 4 cases with absent (-wave at the left sternal border 
only. Three of these showed infarction but in two the infarction, 
peculiarly enough, was located posteriorly and was of long standing. 
In the fourth case positive at the left sternal border only, who also 
had right bundle branch block, necropsy revealed luetic aortitis 
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TasBie 2.—ANaAtysis OF Data or 15 AuTopstep Cases IN Wuicn Leap IV Was 
QUESTIONABLY POSITIVE. 
nfar 
I In Name. A ( Cor \ psy finding 
M_ Cor. throm} lelayed Recer an an nied 
3 conduction infarct 
= Is 62 M = Cor. art. d Low EMF; DIV¢ Oeclus. left and right cor. art 
5 diffuse endocard. fibrosi 
61 F Cor. thromb LVP Old apical infarct; pul. embol 
Absent L.M. 458) Jronchopneu Delayed A-V conduc Bror 
R 71 F Rheum. ht. dis LVP Bro pul. infarcts; 
mitral, aortic and tricuspid dis 
Present G.S 65 M_~ Cor. art. dis LVP; low EMI Recent post. and healed ant. 
nfarcts.* 
C.M. 58 M_ Bronchopneu LVP Occlusion descending branch left 
cor., no infarction; bronchopr 
DF 78) F Cerebral embolism A} Recent infarct left margin heart 
O. J 74. M = Angina pectori RVP Old apical infarct 
Absent M.G. 79 F  Bronchopneu Comp. ht. bl.; DIVC Bronchopneu 
bk. I 33 F Rheum. ht. dis. AF; VPB Mitral stenosis 
Polycythemia LVP Cerebr. thromb.; bronchopneu 
L. I 19 M Uremia Normal curves Congen. polycystic kidneys 
Present G.P 44 M Cor. thromb BBB (right Recent ant. and healed post 
nfarct 
Absent M.H. 59 F Hypertensive ht.dis. Low EMI Death from congestive failure. 
DIV ntricular conductior BBB Bundle branch block ARVC Abnormal! 
for f vent . Fatal infaret may have occurred after EKG's were taken RVP 
Right ventric LVP Left ventricular preponderance Al Auricular fibrillation. 


VPB = Ventric 


TABLE 3 ANALYSIS OF Data or 14 AuTopsiep Cases In Wuicw Leap IV Was 
ABNORMAL OR NORMAL. 


Infarctior Name. Age. Sex Clinical diagnosis Conventional leads Autopsy findings 


bse E. J M Inverted Chr. nephritis; bronchopneu 
M ulcer inverted Death from exsanguination 
Present M.H. 65 F Cor. throm AFVC (1 Recent post. infarct. 
Absent IR Cremia AFVC Chr. nephr.; terminal pericard 
1). { 27 M_ Rheumatic ht. di BBB (right); AT Mitral, aortic and tricuspid dis 
SK ~ } Hypertensive ht. dis. Low EMF; delayed Pulmonary embolism 
4-V conduction 
C_R 53 M_~ Rheumatic ht. dis AF; LVP Bronchopneu.; mitral and aortic 
lis 
N_A Uremia LVP; inverted! Chr. nephritis; bronchopneu.; 
terminal pericarditis 
J.s 50 Care. of cecum Normal curves Death from exsanguination. 
L. P 75 $F Lobar pneu LVP Lobar pneumonia 
H.P. 66 M = Care. of bladder Auricular flutter Care. of bladder; acute fibrinous 
pericarditis 
J.B 71 Bronchopneu LVP Bilat. confluent bronchopneu 
E.C 33° «OF Pul. gangrene Normal curves Foreign body, r. lower bronchus 
C.D. 26 M_~ Chr. nephr.; hyper- LVP Chr. nephr.; pul. infarct 


tensive ht. dis 


with marked narrowing of the coronary ostia but there was no 
coronary occlusion or obvious myocardial infarction. Of the 4 
cases in this group only 2 showed “abnormal” conventional leads, 
1 showing defective intraventricular conduction and the other 
being the above-mentioned case of right bundle branch block. No 
cases were seen in which the apical lead was “‘positive’’ and the 
parasternal lead “normal.” 
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TABLE 4.—INTERPRETATION OF LEAD IV 1n 44 AvuTopsiep Cases WITH AND WITH- 
ouT MyYocarRpDIAL INFARCTION. 
Infarction Infarction 
Interpretation of Lead IV. present, not present. 
1. Positive 12 3 
a. Positive at LSB and apex 9 2 
b. Positive at LSB only 3 l 
c. Positive at apex only 0 0 
2. Questionably positive 8 7 
a. Questionably positive at LSB and apex 
b. Questionably positive LSB only 
c. Questionably positive at apex only 
3. Abnormal 0 2 
4. Normal ‘ig 11 


Total 21 23 


* Changes in conventional leads typical of posterior infarction; verified at autopsy. 


There were 15 cases in which Lead IV was regarded as ‘‘question- 
ably positive.’ Seven showed infarction, 1 showed coronary 
occlusion without infarction, and 7 showed no infarction. This 
indicates that in about half the cases such questionable findings 
reflected the presence of gross disease of the ventricles and in the 
other half they did not. It did not matter whether these findings 
were present in the tracings obtained from the apex or left sternal 
border or whether they were accompanied by abnormal or essen- 
tially normal electrocardiograms in the conventional leads. 

Lead IV was “abnormal” in 2 patients. One was a chronic 
nephritic who died in uremia. Autopsy showed a bronchopneumonia 
but no coronary artery disease or myocardial infarction. The other 
patient died of exsanguination from a bleeding peptic ulcer. Here 
again there was no infarction at autopsy. It is obvious therefore 


LEGENDS FOR Ficures 1, 2 anp 3. 

Fic. 1.—Conventional three leads and fourth lead from the left sternal border and 
apex. A, Lead IV normal and autopsy showed a normal heart in a case dying of 
carcinoma of the cecum. B, Lead IV shows absent Q-wavesin both positions diag- 
nostic of an anterior infarction confirmed at autopsy. Conventional leads not 
distinctive. (C, Lead IV shows absent Q-waves in both positions indicative of 
anterior infarction, confirmed at autopsy. Conventional leads also diagnostic of 
this lesion. D, Lead IV normal. Conventional leads indicative of posterior infarc- 
tion, confirmed at autopsy. 

Fic. 2.—E, Conventional leads show bundle branch block. Lead IV shows posi- 
tive 7-waves and slight initial upward movements of the Q-R-S complex. Autopsy 
showed an enlarged heart but no infarction. Patient died of uremia. F, Lead IV 
shows normal Q-waves but upright 7-waves. Autopsy showed a normal heart. 
The patient died of uremia and bronchopneumonia. G, Lead IV shows small 
Q-waves (1.5 mm.). Autopsy showed recent anterior and old posterior infarction. 
H, Lead IV shows small Q-waves (1 and 2mm.). Patient had a normal heart and 
died of bronchopneumonia, confirmed at autopsy. 

Fic. 3.—Conventional three leads and fourth leads from the left sternal border 
and apex in 4 ambulatory cases of angina pectoris. J and K show absent Q-waves 
in Lead IV at both positions, whereas the conventional leads are essentially normal. 
L and M show absent Q-waves at the left sternal border only, the customary 
three-leads being not remarkable. 
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that an upright 7'-wave in Lead LV is of no value in the diagnosis of 
myocardial infarction. In fact we have seen a positive 7’, occur as 
a transient phenomenon during bronchopneumonia as have others, 
and as a permanent or transient finding under a variety of other 


circumstances such as mitral stenosis, uremia and hyperthyroidism. 


Fra, 1 


In 12 cases Lead IV was “normal.”’ In 1 of these changes occurred 
in the conventional leads typical of infarction of the posterior part 
of the heart. This was verified at autopsy. In the other 11 cases 
postmortem studies showed no infarction. 


; 
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In reviewing these postmortem observations, we feel justified in 
concluding that the complete absence of a Q-wave in the apex lead 
invariably means infarction of the anterior portion of the ventricle 


Fia. 


except when bundle branch block or rarely when certain forms of 
pericarditis are present. 

We have found in a series of 23 cases of bundle branch block that 
the Q-wave was absent in such an overwhelming proportion that 
it seems impossible to apply the same criteria in the diagnosis of 
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myocardial infarction when bundle branch block is present as 
when it is not present. When the Q,is absent in the lead taken from 
the left sterrial border only, the infarction may be either anterior 


1G 


IG. 


or posterior. When normal curves are obtained in both applica- 
tions in Lead IV infarction will not be present in the anterior but 
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may be present in the posterior part of the ventricle. When Q-waves 
of very small amplitude are found (2 mm. or less) there is an even 
chance that infarction will or will not be present. The finding of 
the presence of upright 7-waves is of no help in the diagnosis of myo- 
cardial infarction. It is appreciated that this postmortem experi- 
ence needs to be amplified considerably to ascertain further qualifica- 
tions or limitations to these general views. 

Observations on Lead IV in Angina Pectoris. [lectrocardiographic 
observations were made on 100 consecutive ambulatory cases of 
angina pectoris. The customary three leads were obtained and in 
addition fourth leads both from the region of the apex and the fourth 
left parasternal space. All cases of known coronary thrombosis 
were excluded. ‘The cases were selected only insofar as the diagnosis 
of angina pectoris was quite definite and the ordinary clinical his- 
tory failed to reveal evidence of a previous attack of coronary 
thrombosis. In other words they correspond to the average case 
of angina that is ambulatory and has not had a severe major coronary 
attack. The same criteria as those mentioned above have been used 
for evaluating the electrocardiograms. In somewhat similar studies, 
but in which no sharp distinction was made between angina with 
and without coronary occlusion, Goldbloom" and Battro and 
Garcia del Rio'® found many instances in which Lead IV was ab- 
normal. Their criteria for abnormality include the presence of 
an upright 7. This was shown above to be insufficient evidence 
of myocardial infarction. 

In our 100 cases there were 44 in which the conventional three 
leads were regarded as essentially normal and Lead IV was also 
normal. There were 13 in which the conventional leads were “‘ab- 
normal” and Lead IV was essentially normal. Most of these showed 
ventricular complexes in Leads II and III indicative of a lesion 
in the posterior part of the ventricle and therefore would not have 
been expected to display significant abnormalities in Lead IV. 
There were 9 cases, however, in which the conventional leads were 
“abnormal” in 5 of which Lead IV was “positive”’ and in 4 question- 
ably so. The most important group in this part of the study com- 
prised 11 cases in which the conventional leads were normal and 
Lead IV was “positive.” Of these 11 cases, the positive findings 
were obtained at both the apex and left sternal border in 4 instances, 
at the left sternal border only in 6 and at the apex only in one. It 
follows therefore that 11°% of the cases with angina pectoris showed 
positive evidence of myocardial infarction in Lead IV when similar 
evidence could not have been found in the routine 3 leads and in the 
ordinary clinical history. 

Fourteen of these 100 cases showed changes in Lead IV that were 
regarded as “questionably positive’ while the customary 3 leads 
were essentially normal. In 3 of these the abnormalities were found 
in both chest positions (Ap and LSB); in 9 at the LSB only and in 
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2 at the apex only. Inasmuch as it has been shown above that 
such questionable findings indicate myocardial infarction in about 
half of the cases, it can be inferred that in some of these 14 cases 
gross heart muscle scarring must have occurred. 

Finally there were 9 instances with so-called “‘abnormal’” Lead 
IV. ‘This consists of an upright 7; In 7 the customary 3 leads 
were normal and in 2 they were “abnormal.” In view of the con- 
clusion arrived at above that the isolated finding of an upright 7, 
is not diagnostic of myocardial infarction this group cannot be 
regarded as valuable for the purpose of this study. 

It is quite evident that elect rocardiographic abnormalities in the 
ventricular complex, particularly the changes discussed in this 
paper, are the result of alterations in the heart muscle rather than in 
the coronary arteries. A narrowed or occluded coronary artery 
could only produce abnormalities in the electrocardiogram insofar 
as the structure or function of the heart muscle became impaired. 
lor this reason mvocardial infarction might be expected to show 
abnormal electrocardiograms. Here, however, in 100 cases of 
angina pectoris in which there is no evidence from the clinical history 
of any previous acute major episode that might have produced an 
infarct of the heart, there were 16 instances in which Lead IV gave 
definite evidence and 18 questionable evidence of myocardial infarc- 
tion. In 11 of the former 16 cases the customary 3 leads were 
regarded as essentially normal. Inasmuch as the criteria upon which 
the electrocardiograms were interpreted have been proved to be 
extremely accurate by the study of the 44 autopsied cases reported 
above, we feel justified in inferring that the angina cases with a 
positive Lead IV have had myocardial infarction. This could be 
explained if we assume that some of the attacks of angina were 
actually instances of acute coronary thrombosis, although clinically 
they were not severe enough to be regarded as such or require the 
patient to go to bed. Another possible explanation is that myo- 
cardial infarction takes place in those suffering from angina pectoris 
as a gradual process without any acute dramatic episode. From 
the pathologic point of view the latter is not uncommon, for infarcts 
of the ventricular musculature are not infrequently seen when on 
ordinary examination the coronary vessels fail to show any throm- 
bosis or occlusion. Finally, since the work of Robb, Easby and 
Hiss'®!7 it seems very likely that many small infarcts of the heart 
muscle occur, capable of producing distinct electrocardiographic 
abnormalities which are the result of the occlusion of finer coronary 
arterioles that could easily be overlooked on the ordinary post- 
mortem examination. At any rate there can be no doubt that 
patients with definite angina pectoris who give none of the customary 
clinical evidence in the past history of an acute coronary throm- 
bosis, frequently manifest electrocardiographic changes which 
serve as indisputable evidence of myocardial infarction and that 
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such evidence may be present in Lead IV and not in the ordinary 
3 leads. 

Summary. 1. Electrocardiographic study was made of 44 patients 
who were subsequently examined postmortem. The customary 
3 leads were taken and in addition fourth leads with the anterior 
electrode at the fourth left sternal border and at the apex and with 
the indifferent electrode on the left leg. 

2. In 12 instances in which the Q-wave was absent in Lead IV 
either at the left sternal border or at the apex, infarction of the 
ventricle was found. ‘Two cases with bundle branch block and | 
of tuberculous pericarditis with absent Q, showed no infarction. 

3. There were 15 cases with small Q, (2 mm. or less), about half 
of which had infarction and the other half did not. 

4. Upright T-waves in Lead IV were found when no infarction 
was present and in fact where there was no significant heart disease. 
5. In 11 cases in which the heart was normal and in | with pos- 
terior infarction Lead IV was normal. 

6. Evidence is presented to show that myocardial infarction is 
not uncommon in angina pectoris when there is no clinical evidence 
of a previous coronary thrombosis. Sixteen of 100 cases showed 
an absent Q, and in 11 of these the customary 3 leads were essen- 
tially normal. 

7. Apart from the changes in Lead IV which occur during the 
acute phases of coronary thrombosis, we believe that the absence 
of Q, is very helpful in the diagnosis of a previous myocardial in- 
farction, except when bundle branch block is present. 

8. Lead IV is indispensable in the proper diagnosis of certain 
cases of heart-muscle disease. 
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THIRTY years ago we were accustomed to think of rheumatic 
endocarditis of the mitral valve in terms of mitral regurgitation 
insufficiency) or of mitral stenosis. ‘Today, in considerable part 
because of the mass experience with heart disease provided by the 
war, modern cardiology practically ignores organic mitral regurgita- 
tion as a definite disease condition, and accepts all symptoms and 
signs of mitral disease as evidence of mitral stenosis. Cabot! indeed, 
describing those physical signs which formerly he accepted as proof 
of mitral regurgitation, now designates these same signs as indicat- 
ing an early stage of mitral stenosis. 

Lewis,? who more than any other authority, is responsible for our 
present concept, holds that mitral regurgitation is not physically 
disabling, and that “the presence or absence of systolic murmurs is 
of no value in estimating . . . capacity for work,” while an edi- 
torial writer’ in answer to a question, states that “mitral regurgita- 
tion is not a clinical or an anatomic entity.’ The general viewpoint 
in the matter is perhaps expressed in the opinion of a well known 
writer,‘ that “it is better to speak generally of mitral involvement, 
the high grades of which always mean mitral stenosis,” and the 
belief of another writer’ that “uncomplicated (primary) mitral 
insufficiency should be classed among the comparatively infrequent 
valve lesions.”’ 


110 DANA, REIDY: MITRAL VALVE DISEASE 


Is it indeed true that organic mitral regurgitation is uncommon, 
that high grades of mitral disease always mean mitral stenosis, or 
that mitral regurgitation is a minor defect, never causing serious 
physical disability? While I had never accepted the modern con- 
cept of mitral disease, my interest in attempting to get more informa- 
tion on the subject was stimulated by having the care of a patient 
whose case history and pathologic report are given later—who died 
as the result of an uncomplicated rheumatic endocarditis of the 
mitral valve, with regurgitation and without stenosis. 


Photograph of the heart (Case A-34—601). The ruler is placed across the mitral 
valve ring and measures 15 cm. in length. 


In making this study, it was first necessary to obtain standards 
of normal valve measurements. For this purpose the protocols of 
300 normal and pathologic hearts, weighing from 160 to 900 gm. 
were examined, and 100 hearts weighing from 190 to 690 gm. were 
averaged as to valve measures. 


rricuspid Pulmonic Mitral Aortic 
valve valve valve valve. 
Average for above 100 hearts 11.87 cm. 7.40 cm 9.29 cm. 7.15 em. 


Average of 67 hearts in which 

the ratio of valve measures 

was acceptable 11.77 cm. 7.35 cm. 9.40 cm. 7.01 cm 
Ratios of valve circumfer- 

ence to that of aortic valve 13 1,5 1} 1.0 


~~ 
abe 
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It seemed that the upper and lower acceptable limits for the four 
valves were: 


Tricuspid valve 13.0 to 10.0 em. 
Pulmonic valve 8.0to 6.0 cm. 
Mitral valve 11.0 to 8.0 cm. 
Aortic valve 8 Oto 6.0 em. 


Norris® is quoted as giving the average measure of the mitral 
valve at 11.037 em. in men and 9.268 cm. in women. On the other 
hand, Herrmann’ states that the normal mitral ring measures 10 ¢m., 
the tricuspid 12 em., and that as long as the circumference of the 
mitral valve is not less than 7.5 em. with an area of not less than 
150 sq. mm., or the tricuspid is not less than 8 em. in circumference 
in any part with an area for the orifice of 500 sq. mm. or more in an 
adult, there is practically no significant obstruction. 

So far as the mitral valve is concerned, the observation of Herr- 
mann corresponds with my experience that a valve 7.5 cm. in cir- 
cumference may not be stenosed. The observation as to the tri- 
cuspid valve in Herrmann’s report cannot be confirmed or refuted 
by the small number of measures that I collected, since tricuspid 
stenosis is uncommon in adults. In any event, such standards are 
subject to the personal bias of the observer and to his acceptance 
or rejection arbitrarily, for inclusion in his averages, of examples 
larger or smaller than ordinary; since in the averages collected by 
me, no tricuspid measures larger than 14.4 nor smaller than 10 cm., 
and no mitral measures above 11 nor below 7.5 cm. were included, 
obviously the result was “weighted” to this extent from the start. 

It may be argued that the proposition here presented concerns 
merely the stretching of the mitral ring—in other words a relative 
mitral regurgitation. ‘To this extent, I am quite ready to agree 
with this argument: I am inclined to believe that most patients 
who die of uncomplicated organic mitral regurgitation have before 
death a dilatation of the mitral ring, just as they may also have a 
dilatation of the tricuspid ring. 

The mere fact that, as the result of the final breaking down of the 
cardiac reserve, dilatation of a valve ring may occur, cannot explain 
away an actual chronic inflammation of the valve present at autopsy ; 
indeed, the stretching of diseased mitral valve segments and ring, 
in a patient whose rheumatic history goes back many years and who 
is known to have had heart disease for many years, would seem to 
be proof that there was no vestige of stenosis present, and that mitral 
disease of very long standing does not necessarily produce stenosis 
of the valve. 

Every single case record included in this series showed at autopsy 
definite evidence of a chronic inflammatory non-atheromatous pro- 
cess, which had deformed the mitral leaflets to a greater or less 
extent, and in which a pathologic diagnosis of chronic endocarditis 
had been made. 
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To many pathologists, a cicatrized mitral ring, or a “‘fish-mouth”’ 
or “button-hole’” mitral orifice, while representing a very high 
grade of stenosis, also indicates a definite insufficiency of the valve, 
in that such a valve is considered incapable of complete closure. 
That curling or narrowing of the valve segments, shortening or 
thickening of the chord tendinew are all evidence in varying 
degrees of insufficiency of the mitral valve, seems to be universally 
accepted. In this analysis of cases of mitral endocarditis, the above 
criteria have been followed. 

The valve measurements in the protocols studied, were made 
with a flexible celluloid ruler; in general these measures indicate 
the size of the valve ring, but where the valve orifice is smaller than 
the ring, the size of the opening is indicated either by figures or by 
finger measurements. Where two measures are given, | have used 
the smaller—which is to say the size of the valve orifice—in the 
classification of cases. 

Except for the valve measures cited by Tice and Herrmann 
already mentioned, | know of no book on anatomy, pathology, or 
heart disease that gives any indication as to the normal or abnormal 
valve measures. Apparently each pathologist makes his own diag- 
nosis as to the presence or absence of stenosis, without any hard 
and fast rule, or else he goes out and makes his own set of standards, 
as was done here. 

Of 150 cases of mitral endocarditis, there were in all only 11 
cases here listed as without stenosis, in which the pathologist 
noted as his opinion that there was stenosis. 

One interesting point brought out in the study of the size of the 
mitral valve, and which would seem to be contrary to the observa- 
tion of Norris, was that the mitral valve averages showed relatively 
little variation for hearts of different sizes. One heart, not included 
in the total of 100, of 160 gm., in a young woman, had a measure 
of 8 cm.; 11 hearts of 190 to 245 gm. averaged 8.52 cm. Leaving 
these out of consideration, in the S89 hearts ranging from 250 to 
690 gm. weight, the average for the smallest group showed mitral 
valves of 9.22 cm. and for the largest group 9.61 em., with two 
groups, intermediate in weight, each averaging 9.73 em. 

In the following analysis of cases of mitral endocarditis, the cases 
were divided into those with a mitral valve measuring 8 cm. or 
more, and those measuring less than 8 cm. Each of these groups 
was again subdivided. Those cases where the mitral measure 
was less than 8 em., could be classed as either mitral stenosis, or 
as mitral stenosis and regurgitation; those cases showing a cireum- 
ference of 8 cm. or more at the mitra! valve were further grouped 
as mitral endocarditis without stenosis or as mitral regurgitation. 
While these groupings were largely based upon the pathologie find- 
ings in regard to the mitral valves the chord tendinew and the 
papillary muscles, some weight was given to the relative size of 
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the ventricles and to the electrocardiogram reports when available. 
Since many of these patients entered the hospital moribund or with 
a terminal condition other than of cardiac origin, electrocardiograph 
studies were made only upon about one-third of the patients. 
Quite naturally, mitral lesions were often only a part of the cardiac 
pathology in many cases, so that help in the analysis of a particular 
case which might have been furnished by the electrocardiogram 
was often cancelled by a lesion of some other valve or by a peri- 
carditis. 

While it is relatively easy, in cases of mitral endocarditis without 
stenosis to recognize the presence of pure mitral regurgitation, the 
differentiation of pure mitral stenosis from cases also showing regur- 
gitation is almost impossible pathologically. Self-evidently, mitral 
stenosis is readily excluded in a valve measuring 10 to 15 em., but 
to say whether a valve of 3 to 6 em. is or is not competent, is diffi- 
cult to determine by the pathologic methods commonly in use, 
although the article in Oxford Medicine previously referred to, 
describes a method of opening the heart from above, whereby the 
physiologic competence of the valves may be demonstrated. Per- 
haps the use of such a procedure in a large number of autopsies 
would increase our knowledge. White,® referring to “pure” mitral 
stenosis, speaks of it as possible “when the valve cusps are fused, 
giving rise to a mitral stenosis without sufficient fibrosis or thicken- 
ing of the cusp extremities or shortening of the chordie tendinex to 
allow regurgitation.” 

While there seems to be no certainty of identification of cases of 
pure mitral stenosis, | have arbitrarily so listed 11 cases showing 
a high-grade stenosis without marked cardiac enlargement. 

In all, 150 cases showing endocarditis of the mitral valve at 
autopsy were studied in this series; 76 of these mitral valves were 
not stenosed, while 74 mitral valves showed stenosis with or without 
regurgitation; 35 cases were to be classed apparently as mitral 
regurgitation. Contrary to the standard for mitral stenosis pre- 
viously stated, I have included with those showing no stenosis, 
3 hearts in which the mitral measures were 7.5, 7.7, and 7.8 em. 
In none of these 3 did the pathologist note stenosis, 2 of the patients 
were under 14 years, and each of these hearts had all of the valves 
small and in normal ratio. 

Table 1 shows the numbers in each classification, the murmurs 
found, and the electrocardiogram reports. Although the murmurs 
give little direct information, one may speculate in regard to them 
as follows: (1) that in some cases, the presystolic murmur found alone 
may have actually been systolic in time; (2) that doubtless a thick 
edged valve, even if not stenosed, might cause vibrations in diastole 
resulting in a murmur, and that a diastolic murmur may also occur 
where the ring is stretched above a mitral valve of normal size; (3) 
that where there is a calcified ring and only a systolic murmur, there 
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TABLE 1.—DatTa 1n 150 Cases With VALVULAR DeErEctTs. 


Murmur Lesions Electrocardiogram 
Pathologic diagnoses & 6 = = = 
Mitral stenosis—pure 2 0 0 0 2 6 
Mitral stenosis and regurzitation, pur 35 10 2\13 2 5 5 
and other lesions 28 4 2 6 17 
Mitral endocarditis without stenosis, pur 18 7 1 2 1/0 14 
and other lesions 23 9 1 0 19,2 2 0 2) 1 15 
Mitral regurgitation, pure 4; 2' 0 1 0 1] 
and other lesions 21 8 0 0 6 1 0 0 6 ll 6 4 $ 1 5 0 il 
Totals 150 48 2 2° 41 5 9 10 16 18; 13:58) 101 
is probably a constant flow of blood from the auricle into the ven- 
tricle, the absence of a diastolic murmur tending to indicate an 


absence of obstruction. It is worthy of note that in almost one-half 
of the cases in which any murmur at all was heard, the only murmur 
present was systolic. 


TABLE 2.—CLINICAL DIAGNOSIS, 


Mitral stenosis and regurgitation 39 Syphilitic heart disease l 
Mitral stenosis 25 Cardiac hypertrophy l 
Rheumatic heart disease 22 Acute dilatation of heart l 
Arteriosclerotic heart disease 16 Coronary disease l 
Chronic myocarditis i) Portal cirrhosis l 
Auricular fibrillation * Cerebral hemorrhage l 
Hypertensive heart disease 7 Carcinomatosis 2 
Mitral regurgitation Hyperthyroidism l 
Cardiac decompensation Chronic cholecystitis l 
Acute endocarditis 2 General peritonitis l 
Aortic regurgitation , l Pulmonary tuberculosis l 
. Aortic stenosis and regurgitation l Fracture of skull l 
Total cases 150 


From the purely pathologic aspect, then, we can say that about 
one-half of all cases of mitral valve disease show no stenosis of the 
valve, while actual insufficiency of the mitral is present in between 
one-quarter and one-half ;? that mitral stenosis either does not exist 
by itself or, if it does, that there is no certainty of its recognition. 
What, then, about the clinical side of the picture? Are all high 


; 
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grades of “mitral involvement” always stenotic, as stated by one 
of the authorities quoted? By no means. Among mitral endocar- 
ditis cases without other valve involvement or pericarditis, there 
are as many very large hearts to be found without stenosis or with 
regurgitation alone at the mitral valve, as there are very large 
hearts with a high-grade stenosis. In fact, all the evidence seems 
to indicate that mitral stenosis by itself is not a cause of much 
cardiac hypertrophy. From the physiologic point of view, it is 
difficult to see how uncomplicated mitral stenosis can cause hyper- 
trophy of the left ventricle—often the left ventricle is atrophied in 
such cases—and without left ventricular hypertrophy the heart 
does not tend to be very large. 

Can uncomplicated mitral endocarditis without stenosis ever 
be, of itself, a cause of death? In spite of modern cardiology, it 
would seem so. In this series of 150 cases, there were 32 cases of 
mitral valve endocarditis without stenosis, uncomplicated by lesions 
of other valves or by pericarditis. For 25 of these deaths, acute or 
chronic diseases other than chronic mitral endocarditis could be 
blamed in part or entirely. Of the remaining 7 cases, 1—that of 
a woman of 65 with possible arteriosclerotic heart disease—may 
be omitted as doubtful, although the mitral valve was incompetent, 
the wall of the left ventricle was 2.2 cm. in thickness, and I believe 
that she died of mitral regurgitation. The other 6 patients, all with 
histories of old rheumatic heart disease, and the oldest of them only 
50 years, would seem to have died of no cause other than secondary 
toa pure mitral regurgitation. 

In regard to this, it is interesting to note that experimental 
physiology does not seem to agree with modern cardiology in com- 
paring the relative importance of stenosis and regurgitation at the 
mitral valve. I quote from Oxford Medicine:'® “Quite contrary 
to our traditional clinical conceptions, mitral stenosis in artificial 
circulation schemata and that produced experimentally, seems 
to add a load that is more easily borne, even with very high-grade 
lesions, than is the burden of mitral insufficiency.” 

It would seem that we are now placing too much emphasis on the 
importance of a narrowing of the mitral ring, too little on the réle 
that insufficiency of the valve plays, in mitral endocarditis. 

Case History. J. H. P., aged 50, married, traveling salesman, under 
observation in hospital 9 weeks. Had been in good health until 21 years 
ago, when a life insurance examination showed ‘some sort of heart trouble’’ 
due, he was told, to acute rheumatic fever which he had when 15. Worked 
until 3 years ago, when he began to have attacks of dyspnea, chest pain 
and edema of ankles; was then in ‘hospital for the first time, staying 5 
weeks. Has been using digitalis at times. Complaint now as in previous 
admission, with addition of “ pounding of the heart”’ and oliguria. 

Physical Examination. Orthopnea marked. Heaving of entire precor- 
dium. Heart action irregular. Lungs reported as negative. Heart: Im- 
pulse heaving and tumultuous, maximum in 6th left space, with occasional 
systolic thrill at apex. Loud systolic murmur at apex, largely replacing 
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first sound, transmitted all over precordium to axilla and to back. Variable 
pulse deficit. Abdomen negative. Liver not enlarged or tender. No edema 
of extremities. Blood pressure 120,95. On admission, Roentgen ray 
showed a rheumatic deformity of heart with enlargement both to the right 
and to the left and congestive changes of both lung fields. Later fluoroscopy 
noted a marked posterior bulging of the heart, especially of right auricle. 
Urine on admission showed an apparent acute nephritis which cleared up. 
Later blood pressures 155/90; 155/95; 130 70; 145/100; 140/80. Mosenthal 
and blood examination negative; non-protein nitrogen at first high, then 
normal. Electrocardiogram showed slight left predominance, auricular 
fibrillation, and, in the three positions, a well marked change of axis of the 
heart of +24 degrees. 

One week before death, systolic expansile pulsation of the liver was noted, 
without positive venous pulse or separate murmur in tricuspid area. At 
all times there was a loud systolic murmur and at no time was a murmur 
heard in diastole. After early improvement, patient failed and died on the 
64th day. 

Pathologic Report. At autopsy (Dr. J. A. Reidy, 5} hours after death) 
the patient showed moderate edema of both legs to the knees and a small 
amount of clear fluid in either chest cavity. 

The heart is moderately hypertrophied and markedly dilated, and weighs 
700 gm. The measurements were as follows: tricuspid valve 15 em.; 
pulmonic valve 9.4 cm.; mitral valve 16 cm.; aortic valve 7.6 cm.; wall 
of left ventricle 2.4 cm.; wall of right ventricle 1 em. The hypertrophy 
is most marked in the right ventricle, the wall of which is 1 em. thick. 
Both auricles are dilated, especially the left, which contains 500 cc. of 
clotted blood with no evidence of antemortem mural thrombosis. The 
auricular endocardium is generally thickened and whitish with a small 
corrugated area above the posterior leaf of the mitral valve. The tricuspid, 
pulmonary and aortic valves are grossly negative. The mitral orifice 
readily admits four fingers and, on opening, the leaves, especially the pos- 
terior, are found markedly thickened, rolled and shortened, but not in the 
least inter-adherent, so that no stenosis is produced. The chordie tendinex 
are thickened and slightly shortened. The coronaries arise anomalously 
from a single aortic sinus, and present many small intimal atheromatous 
patches. The foramen ovale is closed. 

The lungs present marked chronic passive congestion with a few ante- 
mortem thrombi in veins of the right upper lobe, and a terminal broncho- 
pneumonia. The branches of the pulmonary artery are uniformly thickened 
and show scattered atheromatous patches. 

The remaining viscera show only the changes of marked chronic passive 
congestion save the right kidney, which contains a small, fairly recent 
cortical infarct 1 cm. in diameter. No apparent source of embolus causing 
this infarct is apparent. 

Microscopically the heart muscle shows slight lymphocytic infiltration 
and a few small areas of scarring, but no Aschoff bodies or other evidence of 
an active myocarditis. 

Summary. 1. One-half of all cases of rheumatic endocarditis of 
the mitral valve show no stenosis of this valve at autopsy, even in 
cases known to have been of many vears’ duration. 

2. Pure mitral stenosis is rarely found at autopsy, it cannot be 
recognized with certainty even when present, and modern physio- 
logic study would seem to suggest that the clinical importance of 
mitral stenosis is at present too much emphasized. 
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5. Pure mitral regurgitation is not uncommon, occurring in 
one-fifth to one-half of all cases of rheumatic endocarditis of this 
valve; it can of itself cause death, and it is believed that regurgitation 
is entitled to a more prominent place than it now holds in the study 
of mitral disease. 

t. Clinical and pathologic analyses were made of 150 cases of 
mitral endocarditis, after a preliminary study of about 300 hearts 
to establish standards for comparison. 

5. One clinical case history, with autopsy findings, is presented. 

I wish to express my indebtedness to Dr. Frederic Parker, Jr., and to Dr. George 
K. Mallory for much help and encouragement, as well as to Dr. James H. Peers and 


to Dr. Louis F. Curran. 
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THE EFFECT OF CALCIUM INJECTIONS ON THE HUMAN HEART. 


By Kurt M.D., 


NEW YORK CITY. 


From the Cardiographic Laboratory of Mount Sinai Hospital. 


Tue effect of calcium on the animal heart has been established 
beyond doubt by numerous physiologic and pharmacologic experi- 
ments. Observations on humans, however, have so far given scanty 
evidence of any such effect. In a recent paper, I' have presented a 
critical review of the literature on that subject. Clinical reports 
dealing with oral calcium administration are not at all reliable. 
Observations on the cardiac effect of intravenous injections of cal- 
cium are more convincing, yet lack graphic proof. To furnish such 
proof is the object of the present study. 

Method. Twenty-six adult individuals, 21 males and 5 females, were 
available for this investigation. All were apparently free from cardio- 
vascular disease. The three standard leads of the electrocardiogram were 
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taken first. Lead II wads then taken again, and, with the patient remaining 
in the electrocardiographic circuit, 10 cc. of a 20°, solution of calcium 
gluconate* were injected into the left cubital vein. The average duration 
of each injection was 15 seconds. Such rapidity of injection was found 
necessary for maximal electrocardiographic effect. The electrocardio- 
graphic records were taken continuously before, during, and for several 
minutes after the injection. The duration of the injection was marked on 
ach tracing. 

To eliminate factors other than the calcium salt as the possible causes of 
the electrocardiographic changes found in this work, 18 individuals free 
from cardiovascular disease were selected as controls. The same technique 
was employed, only, instead of calcium gluconate, 10 cc. of physiologic 
sodium chlorid solution were injected. Electrocardiographie records were 
also taken before, during, and after these injections. 


Results. The effects of the calcium injection on the configuration 
of the waves of the electrocardiogram are best illustrated by a typical 
case (Case 16). Here the injection itself consumes 12 seconds. 
Four seconds later, a progressive change in the 7’ waves appears. 
They become flatter and flatter, and, 10 seconds after the termina- 
tion of the injection, they are partly inverted in a few beats. Until 
25 seconds after the end of the injection, the 7 waves remain flat. 
Then their height begins to increase, and, 50 seconds after the ter- 
mination of the injection, they have practically reached their 
initial height of 3 millivolts and their original configuration. For 
about 25 seconds, no further change in the form of the waves pre- 
sents itself. In the meantime, however, marked bradycardia has 
made its appearance. It will be discussed later. Simultaneously 
with it, a new change in the form of the electrocardiogram appears. 
This time, the P waves diminish in height; 75 seconds after the 
termination of the injection, they are partially inverted in two 
cardiac cycles. For about 20 seconds, they remain flat, then they 
very slowly regain their original height and contour. 

At no time during the whole experiment do we note any change 
whatsoever in the form and duration of the Q~ R-S complexes or in 
the duration of the P-R interval. 

The changes just described represent the effect of the calcium 
injection on the form of the electrocardiogram in the typical case. 
In some instances, the changes were less marked, especially when 
the injection had been given more slowly. In other cases, however, 
there was frank inversion of the 7 and P waves. Figure 1 shows 
3 examples of such changes. 

Besides, the calcium injections had a remarkable effect upon the 
heart rate. They produced bradycardia. If we return to the typical 
vase discussed before, we find a heart rate of 83 before the injection, 
while the standard leads are being taken. During the injection 
the rate rises, and immediately after, it is 100. We must bear in 
mind that the patient has just had an intravenous injection, with 


* IT am indebted to the Sandoz Company for supplying the ampuls of calcium 
gluconate used in this study. 
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Fic. 1.—Three examples of electrocardiographic changes produced by calcium injections. 

Case 1.—A, before injection. B, 27 seconds after termination of injection. Note bradycardia and 
inversion of 7’ waves. 

Case 2.—A, before injection. B, 16 seconds after termination of injection. Note tachycardia and 
flattening of 7 waves. (, 53 seconds after termination of injection; note inversion of P wave. 

Case 3.—A, before injection. B, 25 seconds after termination of injection. Note flattening of 
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the anxiety which frequently accompanies such an experience. After 
the injection is completed, the heart rate at first rises still further. 
‘Twelve seconds later, at about the same time that the patient has 
a strong sensation of heat pervading his whole body, the heart 
rate reaches a maximum of 115 beats per minute. This tachycardia* 
lasts for 16 seconds, then the heart begins to slow down. One min- 
ute after the termination of the injection, it has fallen to 57. Soon 
after that, it reaches the record low of 51. Bradyeardia then per- 
sists, lasting longer than the patient can be kept under continuous 
electrocardiographic observation. (According to Billigheimer?, it 
lasts about 30 minutes.) 

Bradycardia as well as changes in the P and 7 waves are the 
principal effects of calcium in the typical case. Tables 1 and 2 
summarize the frequency of each of these three effects. The tables 
show the 7’ wave change to be the most constant of the three. It 
appears in 92° of the cases. Bradycardia is next in frequency, 
with 67°. P wave changes are the least constant, being present 
only in 547 of the cases. 

Beside these three principal signs, a number of other interesting 
phenomena were occasionally observed: 


TABLE 1 Errect oF Catcium INJECTION ON P anv T Waves—26 Cases. 
(Cases 
T wave ¢ hangs 
T waves flattened IS 69 
7 waves semi-inverted t 15 
T waves frankly inverted 2 8 
No T wave changes 2 Ss 
P wave changes 
P waves flattened 12 16 
P waves inverted 2 S 
No P wave changes 12 if} 
TaBLe 2.—Errect or INgecrion ON Heart Ratre—24 Cases.* 
Cases 
Bradycardia 16 67 
No change in heart rate S 33 


* Two cases could not be included in this series as their tracings were not long 


enough to show the full effect of calcium on the heart rate. 


1. Ventricular premature beats were noted in 2 out of 26 cases. 

_2. Sinus arrhythmia of varying degree was frequently seen. 
Where sinus arrhythmia was present before, the injection markedly 
intensified it. 

3. Finally, another effect must be recorded, which fortunately 
occurred only in 2 cases: sinus arrest. In 1 case, during the period 
of bradyeardia, there was no cardiac contraction for 4 seconds. 
The patient experienced only slight discomfort. In another case, 
however, the heart rate first slowed to 23 beats per minute, then, 

* This tachycardia was not at all a constant finding. It was usually observed in 


nervous, apprehensive individuals, and may well be explained as a nervous reaction 
to the heat sensation rather than as a direct effect of calcium. 
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40 seconds after the end of the injection, cardiac standstill occurred. 
It was accompanied by a brief attack of syncope which necessitated 
termination of the electrocardiographie observation. No further 
ill effects were noted in this patient. Yet the experience was alarm- 
ing enough to limit the choice of cases from then on to rather vigor- 
ous individuals, as both cases of sinus arrest had been of somewhat 
frail physique. Incidentally, it may be said that without that limi- 
tation the percentage of frank 7 wave inversions probably would 
have been greater. 

The 18 injections of physiologic salt solution, on the other hand, 
yielded entirely negative results. In none of these controls had 
the injection any effect whatsoever on the heart rate or on the form 
and duration of the electrocardiographic complexes. 

Comment. In this study, for the first time, experimental proof 
has been supplied of the effect of calcium on the normal human 
heart. Calcium has a direct effect upon the myocardium of the 
auricles and ventricles as shown by the changes in the P and 7 
waves. This effect upon the myocardium is immediate as proved 
by the early appearance of the 7 wave changes which are usually 
demonstrable 4 seconds after the termination of the injection. 
There is, besides, an effect upon the nervous control of the heart, 
shown principally by the bradycardia; but this second effect is not 
as immediate. 

No experiments of this type were ever done on human subjects 
before with the exception of a single case reported by Segall and 
White.’ These authors gave their patient an intravenous injection 
of 75 cc. of a 2% solution of calcium chlorid, at the rate of 5 ce. per 
minute. Although marked diuresis resulted, electrocardiograms 
taken just before and 5 minutes after the injection showed no 
difference whatsoever. In the light of my experience, this failure 
is not at all astonishing. By the time these authors took the second 
tracing, the 7’ wave changes, if present at all, had already disap- 
peared! Yet even if Segall and White had taken continuous records, 
they might not have obtained any electrocardiographic changes 
because they used a weak solution and injected it slowly. To 
obtain effects, I had to use a 20° solution of calcium gluconate 
and had to inject 10 cc. in 15 seconds or less. Half of my failures to 
produce bradycardia or 7’ wave changes were attributable to an 
unusually slow injection, as for instance in 1 case where the injec- 
tion consumed 58 seconds. 

Viewed from the standpoint of the practitioner, these results 
certainly support the often stressed necessity of injecting calcium 
slowly. Intravenous calcium injections, they prove,-are quite 
harmless when given very slowly and in proper amounts, yet are 
potentially dangerous to the heart when administered rapidly. 

Furthermore, the question of therapeutic application remains 
to be considered. The present study was not devoted to an inves- 
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tigation of the therapeutic problem, and only little can be said about 
it at this time. Leaving aside the mild diuretic effect of calcium, 
two possibilities of utilizing the direct cardiac effect seem open. 
First, the effect on the heart rate may be used in the treatment of 
the tachyeardias with regular rhythm. Wolffe and Bellett! were 
the first to employ calcium for that purpose. In 3 cases, they were 
able to terminate attacks of paroxysmal tachycardia by intra- 
venous injection of calcium gluconate or calcium chlorid. Secondly, 
the synergism of calcium and digitalis, proved by experiments on 
animals, may possibly be utilized in the treatment of congestive 
heart failure. Such treatment was advocated by Billigheimer.* 
He observed that intravenous injection of a 10°] solution of calcium 
chlorid led to bradycardia, which reached its lowest point within 
2 or 3 minutes, and which lasted 25 to 30 minutes. When the same 
calcium injection was given to a digitalized patient, however, 
bradycardia lasted from 4 to 5 hours. It remains for future inves- 
tigations to determine whether such combined treatment is of real 
value in the treatment of the failing heart. 

Summary. |. Intravenous injection of 10 ec. of a 20°% calcium 
gluconate solution produced changes in the electrocardiograms of 
26 normal individuals. 

2. These changes consisted of flattening or inversion of the 7 
waves in 92°, of the cases, flattening or inversion of the P waves 
in 54°, and a marked bradycardia in 67%. 

3. Intravenous injection of 10 ce. of physiologic salt solution given 
to 18 normal individuals had no effect whatsoever on the electro- 
cardiograms. 

4. This investigation, for the first time, supplies experimental 
proof of the effect of calcium on the normal human heart. 


REFERENCES. 


1. Berliner, K The Effect of Calcium on the Heart, Am. Heart J., 8, 548, 1933. 

2. Billigheimer, E Wirkung und Zusammenhinge von Calcium und Digitalis, 
Klin. Wehnschr., 8, 724, 1929. 

3. Segall, H. N., and White, P. D Clinical Observations on the Value of Calcium 
Chloride as a Diuretic and on its Influence upon the Circulatory Mechanism, Am. 
J. Sct., 170, 647, 1925 

4. Wolffe, J. B., and Bellett, S.: Cessation of Attacks of Auricular Paroxysmal 
Tachycardia by the Use of Calcium, Ann. Int. Med., 4, 795, 1931. 


BOOK REVIEWS AND NOTICES 


THE PRINCIPLES AND PRACTICE OF MeEpIcINE. Designed for the Use of 
Practitioners and Students of Medicine. Originally written by the 
Late Str Br., M.D., F.R.S., formerly Fellow of the 
Royal College of Physicians, London; Regius Professor of Medicine, 
Oxford, ete. Twelfth edition; revision by THomas McCrar, M.D., 
Fellow of the Royal College of Physicians, London; Professor of Medicine 
Jefferson Medical College, Philadelphia, etc. Pp. 1196; 22 illustrations 
and 16 charts. New York: D. Appleton-Century Company, Inc., 1935. 
Price, $8.50. 

For almost a half century this work has been facile princeps among text 
books of medicine, and now its editor who has piloted it through a full 
third of its career has gone to join his beloved Chief! Will another editor 
be found to carry the work on, in the up-to-date manner that its originator 
would have required and yet preserving the inimitable style of its author 
and not “blown about by every wind of doctrine?” How does this latest 
edition compare with the first in 1892? Though containing 117 more 
pages, a better, thinner leaf makes this book actually thinner than the 
first edition, while a smaller margin gives two more lines to the page. The 
initial quotations from Hippocrates and Plato remain as old friends. As 
ever, the book starts with Typhoid Fever: the definition and history have 
the familiar ring of student days; but with Etiology the changes necessarily 
begin and the Discussion of H and O Antigens and “rough”’ and “smooth” 
carry one far from such older statements as “It is difficult to differentiate 
the typhoid bacillus from the Bacterium coli.” In the specific infectious 
diseases (only 6 of which were of doubtful nature) the 35 are now increased to 
63, of which 25 are ‘of doubtful or unknown etiology.” The 12 ‘ Constitu- 
tional Diseases’”’ are now distributed—some merely out of the frying pan 
into the fire—between Diseases of Metabolism and Deficiency Diseases, 
which were not recognized in 1892, and a few to Infection and Diseases of the 
Blood. The arrangement of the System Diseases (digestive, respiratory, circu- 
latory, kidneys and nervous system) remains practically unchanged, though 
the content is far different and progress often is shown by simplification. 
The nervous system still occupies almost a fifth of the total space. Perhaps 
the biggest change is in the old Section 7, where 5 diseases of the blood and 
4 of the thyroid gland occupied a modest 33 pages. In this last edition, 
16 diseases of the blood-forming organs and 6 of the spleen (which before 
was not given any independent position) now occupy 42 pages, while the 
glands of internal secretion require another 32 for the most summary 
handling. In the present edition much has been changed from the 11th; 
24 new subjects have been added, 18 “entirely rewritten”’ and 16 or more new 
important forms of treatment outlined. And all this without increase in size! 

We recommend to our readers an occasional comparison, as indicated 
above, because it not only is a pleasant excursion into fempus actum but 
also points out the progress that has been made in almost all lines of medi- 
cine. In many of these, not punctuated by dramatic episodes such as 
the discovery of insulin or the liver treatment of pernicious anemia, the 
imperceptible nature of the progress often fails to impress us with the 
progress that has been made. 

We greet this friend on its critical 43d birthday (or 11th, if we regard a 
new edition as a February 29th birthday) and wish it many happy returns 
of the day. E. K. 
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Mepicat Tactics AND Logistics. By Coronet Gustavus M. Buiecu, 
Medical Reserve Corps, United States Army, and CoLoneL CHARLES 
Lyncu, Medical Corps, United States Army, Retired. Pp. 205. Spring- 
field, Ill., Charles C Thomas, 1934. Price, $4.00. 

We have here, as indicated by the title, a treatise regarding the movement 
and the supply of the troops of the Medical Department preliminary to 
battle, and the activities of those troops during the engagement. The 
book contains four main sections: (1) Principles of war, with emphasis 
on tactics, and the organization and functions of the Medical Service at 
the front; (2) a description of the medical service of an infantry regiment, 
and of the medical service of an infantry battalion—at halt, on the march, 
in offensive combat, and in defensive combat; (3) special situations and 
special organizations, such as medical service with cavalry troops, and the 
ted Cross—combined with a review of medical tactics; (4) an appendix, 
covering (@) combat orders illustrated by actual field orders and adminis- 
trative orders, (+) facsimiles of various field medical records, (c) reference 
tables giving marching distances, effective range of weapons, and (d) a 
glossary of military terms. 

The book is an excellent one. The first, third and fourth sections contain 
information generally similar to that given in Army Medical Bulletin No. 14 
and certain later Bulletins, and in the recently published semiofficial 
Military Medical Manual, but they are written with a vigorous style, and 
with a certain amount of new grouping of subject matter, together with 
inclusion of general military principles, that makes the book very instruc- 
tive and interesting. The second section deserves special mention because 
it comprises a series of descriptions, in narrative form, of the service of 
the Medical Detachment of an infantry regiment, in times of bivouac, 
offensive combat and defensive combat. These incidents are excellently 
done, with a good critique in each instance. The characters of Major Sharp 
(the keen regimental surgeon), of Captain Cleaner, the battalion surgeon 
interested in sanitation, of Captain Crown, the dental officer, and of Lieuten- 
ant Sound, who is appropriately expert with a sound, are illustrated by 
their daily actions as the reader is carried through several days of battle, 
in which actual combat oders governing the troop movements give precise 
information. 

A comparison of this book with pre-World War treatises, such as those 
of Munson, and Straub, gives a striking exposition of the advance in 
knowledge of the military art, especially regarding the medical service of 
troops in the field, which has taken place. The authors have learned their 
lesson in definite part by practical experience, and they show a real desire 
to transmit their knowledge to their fellow medical officers. 

W. C. 


ACTOBACILLUS ACIDOPHILUS AND Its THERAPEUTIC APPLICATION. By 
Leo Rerreer, Pu.D., LL.D., Professor of Bacteriology in Yale Uni- 
versity, Maurice N. Levy, M.D., Practicing Physician, Bridgeport, 
Conn., Louis WEINSTEIN, Pu.D., and James E. Wetss, Pu.D., Research 
Fellows in Yale University. Pp. 203. New Haven: Yale University 
Press, 1935. Price, $2.50. 

Tue authors, in addition to presenting details of their bacteriologic 
methods, outline their experiences with Lactobacillus acidophilus therapy 
in various intestinal conditions: They report that 31 of 40 cases of simple 
constipation and 13 of 17 patients with constipation complicated by biliary 
symptoms were definitely benefited. Success roughly paralleled ability to 
have acidophilus organisms persist in large amounts in the patient’s bowel. 
The authors were also able to relieve 6 of 8 cases of ‘mucous colitis” and 
7 of 8 cases of ulcerative colitis. In these, however, full benefit was obtained 
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only so long as treatment was continued. Many of the patients treated 
for constipation were reéxamined 11 to 18 months after discontinuing 
treatment. The majority of these had persisting relief and their stools 
contained the bacilli in high concentration. It is unfortunate that the 
patients with ulcerative colitis were not studied in more detail immediately 
before treatment was begun and after relief of symptoms was obtained. 
The authors seemed quite aware of the lack of diagnostic criteria in many 
of their cases with supposed biliary disease. The inclusion of such contro- 
versial items as the discussions of the etiology of constipation and of 
“mucous colitis” seems unnecessary in a work of this purpose. These 
defects do not detract from the value of this presentation of accurate studies 
of the results of acidophilus therapy in constipation. One may criticize 
the therapy itself, however, on the grounds that it apparently does not 
treat the cause of constipation and that, even in the hands of a competent 
group, does not seem to give relief in a higher percentage of cases than do 
other forms of treatment. 


PUERPERAL GyNneEcoLoGy. By J. L. Busts, M.D., F.A.C.S8., Consultant 
in Obstetrics and Gynecologist, Mt. Sinai Hospital, Cleveland; Member 
of Central Association of Obstetricians and Gynecologists. Foreword 
by P. Brooke Bianp, M.D., Professor of Obstetrics, Jefferson Medical 
College, Philadelphia. Pp. 199; 81 illustrations and 2 tables. Baltimore: 
William Wood & Co., 1935. Price, $3.50. 

Tuts book is written to advocate the repair of old and recent childbirth 
injuries either immediately, or within a few days, after delivery. Statistics 
are presented to show that in the hands of the author and his staff the 
morbidity and mortality rates are exceedingly low and the final results 
eminently satisfactory. While immediate repair is the rule, several indi- 
‘ations are listed for postponement from 1 to 7 days. In a series of 1326 
full-term deliveries, 82.7°; were operated upon immediately after parturition 
and 15.6% within 7 days. The author’s account of the ease and safety 
with which these radical procedures are executed is dangerous teaching, 
and will not meet with the approval of most obstetricians. Many of the 
illustrations are semi-diagrammatic and are well done. Those depicting 
the pelvic muscular and fascial layers are particularly clear. The descrip- 
tion of pelvic anatomy and physiology is simple and comprehensive and 
the chapter on the conduct of delivery contains many valuable suggestions. 
For a publication of this type, too much space is devoted to prenatal care 
and obstetric analgesia and anesthesia. The chapters dealing with the 
cervix and its repair are well written, although the author would probably 
see fewer cervical fistule is less radical immediate postpartum repairs were 
done. In the section upon injuries to the urethra and anterior wall, dis- 
cussion of immediate cystocele repair contains the following statement: 
“In the hands of a novice, there may be a great loss of time and much 
bleeding may result.’ This sentence is characteristic of the manner in 
which the dangers and difficulties of the proposed procedures are minimized 
throughout the book. Too little space is devoted to exact technical descrip- 
tions of the various plastic operations. Such procedures are fraught with 
difficulties, yet the reader finds few suggestions for avoiding these pitfalls. 
The sections upon care following delivery and repair, and upon postnatal 
office treatment contain many valuable hints, obviously the product of 
many years of experience. The subject of backache, however, is dismissed 
with one sentence. The last chapters are devoted to consideration of 
morbidity and mortality figures and to the economic aspect of puerperal 
gynecologic operations as advocated by the author. It appears that one 
of consummate technical skill and unlimited facilities can pursue this plan 
safely, but in the hands of the average obstetrician its hazards far exceed 
its advantages. 
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THe Mepican Man anp THE Wiren During THE RENAISSANCE. The 
Hideyo Noguchi Lectures. Third Series, vol. 2 of the Publications of 
the Institute of the History of Medicine, The Johns Hopkins University. 
By Grecory Zitpoorc, M.D. Pp. 215; illustrated. Baltimore: The 
Johns Hopkins Press, 1935. Price, $2.50. 

THe three lectures that make up this book explore three phases of the 
thesis that witchcraft is ‘‘the central problem of occidental psychiatry.” 
As Sigerist points out in the Preface, the history of psychiatry is especially 
difficult to grasp because the mental reactions of the psychopath of former 
times were not, as is often assumed, the same as those of the writer’s time. 
The first lecture is on the Malleus Maleficarum, which as the leading text- 
book of the Inquisition appeared in 19 editions through three centuries. 
Though men have believed in demons since time immemorial, it was not 
until the all-powerful Church came to recognize witches as its enemy that 
persecution became widespread. The Bull of Innocent VIII, here quoted 
at length, in 1484 sent the Inquisitors, Kraemer and Springer, to suppress 
witchcraft in Germany and they wrote the Walleus to aid them in their 
task. Though one may shudder at the cruelty that sent many a poor 
psychopath to the stake, one should not forget that it was the times and 
not the authors of this book that were out of joint: the mass of intelligent 
opinion strongly upheld their conscientious zeal. The Church, the chief 
supporter of the witchcraft tradition, merely carried on the work, as did 
our own Puritans in Salem and elsewhere. The second of the three parts 
of the Malleus which details many “clinical histories’’ also makes inter- 
esting reading. 

In the second lecture on Medicine and the Witch in the 16th Century are 
set forth the efforts to consider the mentally possessed more rationally, 
even though such clear observers as John Lange, Paré and Fernel were 
firm believers in the personal participation of the devil in the manifesta- 
tions of insanity. To the wild inventions of Paracelsus’ De morbis amentium 
and the derision of Rabelais and Montaigne were added the clear obser- 
vation and reasoning of such physicians as Cornelius Agrippa, Vives of 
Valencia, Levinus Lemnius and Nicolas Lepois—all tending to demonstrate 
that all ““demonopathies” were the results of physical causes 

The third lecture, that occupies a good half of the book, is on that great 
humanitarian, Johann Weyer, the founder of Modern Psychiatry. His 
De praestagiis daemonum (1563) combats the demonic nature of mental dis- 
ease, at first destructively with theologic and philosophic arguments, then 
constructively with keen psychologic and medical observation. As Weyer 
himself foresaw, his book was placed on the prohibited list and at the time 
opposed by most of his medical confréres. However, to some it appealed 
favorably and in the next century his influence was firmly fixed. We agree 
with the lecturer that Weyer’s greatest significance lies in the fact that 

‘he was the first medical man to insist that normal and pathological mental 
processes differ in degree and form but not in substance.” KE. K. 


Diz WerKE pes Hiprpokrates. Herausgegeben von Dr. Mep. RicHarp 
KAPFERER unter Mitwirkung von Pror. Dr. GEorG Stricker, Wiirzburg. 
Book 6 (Pp. 84; illustrated; price, Rm. 7.50), Luft, Wasser und Ortslage 
(Air, Waters and Places); Book 9 (Pp. 95; price, Rm. 7), Die Diit 
(Lebensordnung) in akuten Krankheiten (Diet in Acute Diseases). Stutt- 
gart: Hippokrates-Verlag, G.M.B.H., 1934. (To be published in 25 
parts costing ca. Rm. 100, card binding.) 

REGARDED universally (except by Haller) as one of the “real’’ (7. e., gen- 
erally accepted as written by Hippocrates himself) works of Hippocrates 
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and also our oldest study of the relationship of man to his environment. 
Book 6 on Air, Waters and Places is of peculiar interest today when this 
point of view is again receiving close study by medical scientists. The 
tremendously important questions of the effect of seasons and climates of 
various places, both in producing different races of men, and in promoting 
various diseases, is still far from solution; and while, as usual, one will find 
much that is fantastic in the light of modern knowledge, one will also find 
much sage Common sense in this work. J/nter alia, it is recognized that no 
disease is more divine than another: “all are the effect of natural causes.”’ 
The Editor of this edition makes a strong case for the view that this work 
with those on Diet and on Winds brings to us a collective presentation from 
the Hippocratic School of general etiology and therapy. The German 
translation, based on the text of the Corpus Medicorum Graecorum (1927), 
has the philologic support of Franz Lommer and Prof. Rehm of Munich. 
One of the appendices gives an interesting discussion of an early manu- 
script on “Winds” (London Papyrus 137, Ebers), discovered in 1891. 
Another of the “real” Hippocratic works, Book 9 on Diet in Acute Dis- 
sases, gives in masterly style the régime (/. e., not the complete therapy) 
to be followed in restoring to health the subject of an acute disease. An 
error at the beginning does less harm than at the climax; the diet should 
be rigorous; ptisanes, either non-filtered or their essence (filtered and more 
easily digestible) should not be given in crises; the proper use of wine, 
hydromel, oxymel, water and baths is explained; as according to the law 
of habit all change is harmful, the resumption of food after the crisis must 
be done very carefully; the art of medicine should not be explored with 
theories, such as the four humors, but by the observation of how .the 
actual patient reacts to disease. The book starts with an attack on the 
Cnidian methods of minute descriptions of symptoms without interpreta- 
tions or applications—one of the few polemics in the Hippocratic corpus. 
In passing, one cannot but conjecture whether we Americans are not the 
Cnidians of our time, in our great urge for objectivity and frequent timidity 
in advancing hypotheses. The present German translation is based on 
Kiihlewein’s text (Teubner, 1894), with further reference to the Codices 
and with the occasional help of Anton Fingerle. BE. K. 


RONTGENBEFUND UND PATHOLOGISCH-ANATOMISCHER BEFUND BEI LUNGEN- 
KRANKHEITEN. By Dr. Mep. Max Versb, o. 6. Professor der allge- 
meinen Pathologie und pathologischen Anatomie; Direktor des patho- 
logischen Instituts der Universitit Marburg. Versuch einer kritischen 
Vergleichung. Volume I, text, pp. 93; Volume II, Atlas, 144 illustrations. 
Berlin: Otto Elsner Verlagsgesellschaft m. b. H., 1935. Price: Rm. 18 
Tus interesting work comprises 2 volumes, brief and easily read. The 

first volume summarizes 54 cases of pulmonary disease including atelec- 

tasis, infarction, pneumonia, tuberculosis, bronchiectasis and lung tumors. 

For each case there is a short account of the history, Roentgen ray picture 

during life, Roentgen ray picture of the inflated lungs after death and the 

autopsy findings. The second volume consists of 144 plates of Roentgen 
films and postmortem specimens illustrating these cases. 

The author attempts to answer the question, ‘‘To what extent does the 
x-ray identify structural changes in the lungs?’ and its converse, ‘‘ How 
do the structural changes in the lungs, as found at autopsy, appear on 
x-ray examination?” The relationship of roentgenographic signs to post- 
mortem pathology is clearly presented, chiefly through the medium of the 

really excellent illustrations. To the roentgenologist, this book is of 
sl Pr value for reference and to others it is a simple guide to the 
interpretation of the chest Roentgen ray. bi Os 
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Dik STORUNGEN DES LICHTREFLEXES DER PUPILLE BEI DEN LUETISCHEN 
ERKRANKUNGEN DES ZENTRALNERVENSYSTEMS. Beitriige zur Friih- 
diagnostik der Lues nervosa. Dr. Mep. Orro LOWENSTEIN, seither 
ordentl. Prof. und Direktor des pathopsychologischen Instituts der 
Universitit Bonn, ete. Pp. 92, 31 illustrations. Basel: Benno Schwabe 
& Co., 1935. Price, Fr. 5. 

Tue author photographs the direct and consensual reflexes of the pupil 
on moving picture film and, by projecting the finished picture on a suitable 
screen, is able to measure the details of the reactions and their time rela- 
tions. He claims to be able, by this method, to detect disturbances in the 
pupillary reactions in syphilis much earlier in the disease. The methods 
employed, even though simplified from his earlier apparatus, are hardly 
applicable for clinical use, and the classification of various pupillary dis- 
turbances is complex. 


THE TREATMENT OF DiaBetes Me.uitus. By Exuiorr P. Josuin, M.D. 
(HarvarpD), M.A. (YALE), Medical Director, George F. Baker Clinic, 
New England Deaconess Hospital; Clinical Professor of Medicine, Har- 
vard Medical School; Consulting Physician, Boston City Hospital. With 
the codperation of Howarp F. Root, M.D., Wuaire, M.D., 
and ALEXANDER MarBLE, M.D. Pp. 620; 7 illustrations and 144 tables. 
Fifth edition, revised and rewritten. Philadelphia: Lea & Febiger, 1935. 
Price, $6.00. 

THE medical profession will welcome the new fifth edition of this well- 
known book. The author’s practical experience extending over 37 years 
and with some 13,000 cases, and his consummate skill in presenting his 
material in an impressive and interesting way, make this book not only 
the standard work on diabetes but also one of the outstanding medical 
texts in the English language. a: 
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The Autonomic Nervous System. Anatomy, Physiology, and Surgical 
Treatment. By James C. Wuire, M.D., Assistant Professor and 
Tutor in Surgery, Harvard Medical School; Assistant Visiting Surgeon, 
Massachusetts General Hospital, Boston. Pp. 386; 96 illustrations. 
New York: The Macmillan Company, 1935. Price, $7.00. 

The Range of Human Capacities. By Davin Wecuster, Pxa.D., Chief 
Psychologist, Psychiatric Division, Bellevue Hospital, New York City. 
Pp. 159; 11 figures and 22 tables. Baltimore: The Williams & Wilkins 
Company, 1935. Price, $2.50. 

Classical Contributions to Obstetrics and Gynecology. By Herspert Troms, 
M.D., F.A.C.S., Associate Professor of Obstetrics and Gynecology, Yale 
University. With a Foreword by Howarp A. KEe.ty, Emeritus Professor 
of Gynecology, Johns Hopkins University. Pp. 265; illustrated. Spring- 
field, Ill.: Charles C Thomas, 1935. Price, $4.00. 

The Treatment of Acute Poisoning. By H. L. Marriorr, M.D., M.R.C.P., 
Lonp., Resident Medical Officer, The Middlesex Hospital, London; 
Assistant Physician, The Miller General Hospital, Greenwich. Pp. 45; 
15 illustrations. London: John Murray for The Middlesex Hospital 
Press, 1935. Price, 5, 

John Whitridge Williams. Academic Aspects and Bibliography. By 
J. Morris Stemons. Pp. 109; 1 illustration. Baltimore: The Johns 
Hopkins Press, 1935. Price, $1.50. 

Diet and Die. By Carl Malmberg. Pp. 149. New York: Hillman-Curl, 
Inc., 1935. Price, $1.50. 
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Russell A. Hibbs. Pioneer in Orthopedic Surgery, 1869-1932. By Grorat 
M. Goopwin. Pp. 136; illustrated. New York: Columbia University 
Press, 1935. Price, $2.00. 

The Obstetric Pelvis. By Hersperr THoms, M.D., F.A.C.S., Associate 
Professor of Obstetrics and Gynecology. The School of Medicine, Yale 
University. Pp. 115; 50 illustrations. Baltimore: The Williams & 
Wilkins Company, 1935. Price, $2.50 

Man, the Unknown. By Avexts Carre... Pp. 346. New York: Harper 
& Bros., 1935. Price, $3.50. 

Obstetrical Practice. By Aurrep C. Beck, M.D., Professor of Obstetrics 
and Gynecology, Long Island College of Medicine; Obstetrician and 
Gynecologist-in-Chief, Long Island College Hospital, Brooklyn. Pp 
702; 1053 illustrations. Baltimore: The Williams & Wilkins Company, 
1935. Price, $7.00. 

The Human Foot. Its Evolution, Physiology and Functional Disorders 
By DupLtey C. Morron, Associate Professor of Anatomy, College of 
Physicians and Surgeons, Columbia University. Pp. 244; 100 illustra 
tions. New York: Columbia University Press, 1935. Price, 33.00. 

Die Theoretischen Grundlagen und Mdglichkeiten der Réntgendiagnostischen 
Weichteiluntersuchung. Forty-eighth Supplementary Volume of Forts- 
chritte auf dem Gebiete der Réntgenstrahlen. By Dr. ApoLr ZupPINGER 
Pp. 99; 46 illustrations. Leipzig: Georg Thieme, 1935. Price, Paper, 
Rm. 16; Bound, Rm. 18. 

Pre scription Writing and Formulary. The Art of Prescribing. By CHARLES 
Sotomon, M.D., Assistant Clinical Professor of Medicine, Long Island 
College of Medicine; Associate Attending Physician and Chief of the 
Medical Clinic, Jewish Hospital of Brooklyn, ete. With a Foreword 
by Lewetiys F. Barker, M.D. Pp. 351; 32 illustrations. Philadel- 
phia: J. B. Lippincott Company, 1935. Price, $4.00. 

Libra Jubilar del Profesor Bernardo A. Houssay, 1910-1934. Volume X 
Supplement, November, 1934, of Revista de la Sociedad Argentina de 
Biologia. Pp. 583; illustrated. Buenos Aires: Imprenta Ammor- 
rortu, 1935. (Price not given.) 

A Terminology of Operations of the University of Chicago Clinics. By 
Hitcer Perry Jenkins, M.D. Pp. 99. Chicago: The University 
of Chicago Press, 1935. Price, $1.00. 

A Suggestion for an Experimental Trial of Alum-treated Bactericidally Inac- 
tivated Virus in the Active Local Immunization Against Poliomyelitis 
By 8. Peskinp, B.S. M.D., Pp. 6. Cleveland: The 8. P. Mount 
Printing Company, 1935. (Price not given.) 

Celsus de Medicina. In Two Volumes. Volume 1. With an English 
Translation by W. G. Spencer, M.S. Lonp., F.R-C.S., ENG. Pp. 499. 
Cambridge: Harvard University Press, 1935. Price, $2.50. 

Hugh Owen Thomas. A Personal Study. By Freperick Watson. Pp 
94; illustrated. New York: Oxford University Press, 1934. Price, 
$4.25. 

Behavior Developments in Infants. A Survey of the Literature on Prenatal 
and Postnatal Activity 1920-1934. By Eve.tyn Dewey. Pp. 321. 
New York: Columbia University Press for the Josiah Macy, Jr., 
Foundation, 1935. Price, $3.50. 

Localized Rarefying Conditions of Bone as exemplified by Legg-Perthes’ 
disease, Osgood-Schlatter’s disease, Kiimmell’s disease and related con- 
ditions. By E. 8. J. Kine, M.D., D.Sc., M.S. (MELB.), F.R.C.S. 
(Ena.), F.R.A.C.S., Honorary Surgeon to Out-Patients, Melbourne 
Hospital; Stewart Lecturer in Pathology, University of Melbourne. Pp. 
400; 70 illustrations. Baltimore: William Wood & Co., 1935. Price, 
$7.50. 
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LEUKOPENIC STATES. 


THE neglect attending the study of neutropenic states prior to 1922 
was suddenly turned into keen interest by the report of Schultz,' in 
that vear, of the disease entity now known as agranulocytic angina. 
True, the diagnostic value of leukopenia in such diseases as measles, 
malaria, typhoid fever and influenza was universally recognized, but 
interest in, and iny estigation of, the mechanism of the response attracted 
little attention. However, since 1922, the literature upon this subject 
has grown to tremendous proportions. 

Schultz believed the clinical state he described was a new syndrome, 
characterized by a rapidly fatal course, a marked reduction in the 
circulating granulocytes, and ulcerative lesions in the mouth, vagina, 
and rectum. It is well known now that an undoubted case can be 
traced back to 1902, when Brown described “A Fatal Case of Acute 
Primary Infectious Pharyngitis with Extreme Leucopenia.”” Many 
attempts have been made to trace the disease picture beyond Brown's 
report. The latest of these, an historical review by Stenn,® draws 
attention to cases with clinical characteristics resembling agranulocytic 
angina recorded in the time of Hippocrates. The diagnosis of “ putrid 
sore throat,’ commonly made in the 19th century, included the proper 
clinical attributes. These cases, Stenn states, possessed the identical 
clinical picture and “ there is no reason to believe that the latter (agranu- 
locytic angina), was ushered into existence with the birth of the 20th 
century.”’ While the disease may have existed from time immemorial 
and had to wait for the development of modern hematologic technique 
for its recognition, the utter impossibility of differentiating it from 
such conditions as aleukemic leukemia and Vincent's angina, on clinical 
grounds alone, together with recent observations relating to its etiology, 
point strongly to the possibility of its having been “ushered into exist- 
ence with the birth of the 20th century.” 

Etiology. The 13 years that have elapsed since Schultz’ report 
have led us through an extremely confused state in the recognition and 
classification of leukopenic states, until at present differential diagnosis 
rests upon sound criteria. Etiologic considerations and pathologic 
physiology, however, still rest upon uncertain grounds. Confusion 
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ih the understanding of agranulocytosis is due, in part, to the many 
terms used. Schultz named the syndrome agranulocytosis. Friede- 
mann‘ preferred agranulocytic angina. For etymologic reasons others 
have changed the nomenclature, until we now find such terms as granu- 
lopenia, granulocytopenia, neutropenia, malignant neutropenia, neutro- 
cytopenia, and pernicious leukopenia in common use. 

Roberts and Kracke® have put forth a simple classification of granulo- 
penia into complete and incomplete varieties. The incomplete variety 
is common and not very dangerous, the complete variety rare and 
dangerous. The mechanism of the complete type is described® in 5 
stages, which occur “ with inevitable and inexorable regularity.”’ First, 
there is the bone marrow onset, a selective failure of the bone marrow 
which may be myelocytic aplasia, myeloblastic dysfunction, cessation 
of maturation, allergy, or some other factor. Second, about 4 days 
after the bone marrow failure the blood stream onset occurs, followed 
third, by the clinical onset, fourth by secondary bacterial invasion, 
and fifth either by return of granulocytes or by death. 

While such a dichotomous classification may be most important in 
arriving at a quick diagnosis as a guide to prognosis and treatment, a 
further elaboration is necessary to an understanding of the etiologic 
aspects of granulopenia. A simple classification, as outlined by Sturgis’ 
divides granulopenia into primary and secondary types. The primary 
type is subdivided into: (a) the acute (Schultz) type with an abrupt 
onset and course, and (b) a chronic recurrent variety characterized by 
many attacks. The secondary type differs entirely from the primary 
variety and is observed most often in arsenic or benzol poisoning, 
following irradiation, in various infections such as pneumonia, and in 
certain blood diseases such as pernicious anemia, aleukemic leukemia, 
and aplastic anemia. 

Kastlin® and Pepper’ have pointed out that leukopenia may be pro- 
duced in three ways: 1, increased white blood cell destruction; 2, 
failure of production, or 3, migration of cells from the peripheral blood 
upon which counts are made. The first mechanism may play a part 
in some cases but the second appears to be a frequent mechanism, for 
example, in aplastic anemia. ‘The third, Pepper states, is usually 
transitory but quantitatively it may be very striking. It is the mechan- 
ism usually concerned when foreign protein enters the blood. Granulo- 
cytes leave the blood to go to the liver and spleen. 

A distinct shift in interest in the theories of the etiology of agranulo 
cytosis has occurred in the past 2 years. The association of infectious 
processes with the syndrome at first led to the supposition that the 
organisms isolated were the causative agents. Reproduction of the 
disease with such organisms in pure culture uniformly failed, but 
changes in the white blood count were produced with bacterial products 
(foreign proteins) and with organisms placed in parchment capsules 
implanted in animals.’ Confirmation of these results has not been 
uniform.'' Studies on recurrent cases revealed that the characteristic 
blood picture developed prior to the onset of infection and clinical 
symptoms, and have apparently dealt a death blow to the infectious 
theory. A recent case report by Kitchin” confirms this sequence of 
events. He followed a recurrent case and by plotting the granular 
cell count and the spirochetal condition of the mouth showed an increase 
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in Vincent’s organisms following the lowered granulocyte count, indi- 
cating that the number of neutrophils in the peripheral blood stream 
is important in the control of the bacterial growth in the gingival 
crevices. At present infection is regarded, as stated previously in 
Kracke’s theory, as evidence of secondary invasion in an organism 
stripped of its defense powers (leukocytes). The pendulum in the 
clock of interest has swung then, from infection to drugs and chemicals 
as a possible cause. 

Fitz-Hugh"® states that since 1928 Pepper has, upon clinical grounds, 
suspected the importance of allergy in agranulocytosis. His views are 
based upon the occurrence of the clinical picture in patients with 
definite allergic backgrounds. We do know, from the work of Vaughn," 
that allergens have a distinct effect in lowering the white blood count. 
He introduced the production of leukopenia (leukopenic index) as a 
diagnostic procedure in the determination of the allergenic properties of 
foods following their ingestion by patients. But it remained for Kracke” 
and Madison and Squier" definitely to incriminate specific agents as 
important etiologic factors. Kracke noted the frequency of occurrence 
following the ingestion of coal tar derivatives. Madison and Squier 
definitely accused amidopyrin as the cause. At the same time, and 
independently, Rawls*'’ had noted, in the use of drugs containing the 
benzene ring in the treatment of arthritis, that 2 patients developed 
agranulocytosis. He cautioned us in the use of amidopyrin. Since 
these reports numerous cases have been placed on record '*-*° demon- 
strating the importance of amidopyrin in the development of agranulo- 
cytosis, and previously reported series have been restudied in this light. 
In Madison and Squier’s first report they described 13 cases, all having 
taken drugs containing benzene ring derivatives over a period of time 
preceding the onset of symptoms. Five of these patients received 
such drugs during treatment; 4 (80%) died; 8 avoided such drugs; only 
2 (25%) of these died. Two patients showed a drop in their white 
counts following the ingestion of single doses. Experimentally, of 11 
rabbits given the drugs only 1 developed an agranulocytic blood picture. 
It died on the thirtieth day. 

Plum!’ in reviewing the literature found, from May, 1933 to December 
1934, 128 cases reported due to amidopyrin. This number has increased 
remarkably since then. He, as well as others,”’*! has repeated the 
experiment of Madison and Squier, in giving patients amidopyrin sub- 
sequent to recovery. In Plum’s case detailed blood counts are avail- 
able. In 13 hours the white blood count dropped from 9000 to 1900, to 
rise in 3 hours to 11,500 and again drop to 2000 within the first 24 
hours. Gradually, in the next 10 days the count rose to 10,000. The 
transitory rise, not described by the other observers, was accompanied 
by a distinct “shift to the left.” Plum also found a temporary fall in 
the non-granular series, followed by a rise within 24 hours and a return 
to a maximum in 10 days. 

A most ardent adherent to the benzene ring theory has been R. 
Kracke. In a recent report” he reiterates his stand and gives evidence 
to support his previous work. He points out that only in those bar- 
biturates containing the benzene ring have cases of agranulocytosis 

* In a more recent communication, now in press, Rawls stresses the infrequency of 
amidopyrin cases in a large series of agranulocytoses.—Ep1ror. 
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appeared. He likewise insists that occasionally in the use of neoars- 
phenamin a Case develops without depression of other hematopoietic 
elements. In French reports following the use of gold salts agranulo- 
cytosis occurred only in those patients receiving a gold salt containing 

benzene ring. The presence of an amine, NHo, group he believes, 
merely facilitates the oxidation process. All these drugs, theoretically, 
may be oxidized to quinone and catechol. To substantiate this con- 
tention the oxidation products have been injected into 17 rabbits. 
Of 6 surviving the injections, | showed marked leukocytic depression 
and 2 showed complete agranulocytosis. Recently, dinitrophenol has 
heen added to the list.*°-°° 

To further the chain of circumstantial evidence convicting amido- 
pyrin and allied drugs, Kracke points out that most of these drugs 
were introduced about 1922. Furthermore, the disease is most prevalent 
in the United States and Germany, countries where these drugs, anilin 
dyes, and coal tar compounds are most commonly used. The disease 
is also most common in those groups to whom these drugs are most 
accessible, such as physicians, nurses, druggists, dentists and house- 
Wives. 

Herz,** like Kracke, believes that amidopyrin is an important cause 
of agranulocytosis, but does not believe that the benzene ring is respon- 
sible. To him the NH (imido) component is the toxic element regardless 
of whether it remains as NH or whether H is replaced by another radical. 
The NO» radical of dinitrophenol he considers just as toxic as NHb. 
Since dinitrophenol, arsphenamin and amidopyrin all contain both 
groups it is difficult to say, a priori, which group produces the toxicity. 

In spite of all the enthusiasm and evidence pointing to the amido- 
pyrin group as the cause of this syndrome there is good evidence to 
show that some cases are entirely unrelated to the use of drugs. Jack- 
son* admonishes that in the consideration of etiologic agents in any 
condition, chance alone may play havoc with reasoning. Amidopyrin 
is a commonly used drug. Custer informs us that in the Philadelphia 
General Hospital in 29,488 admissions (4027 deaths), 120,000 tablets 
of amidopyrin were used. There were no instances of agranulocytic 
angina in the wards nor in the 1926 autopsies performed in this period. 
Cases definitely known to have taken no such drugs are on record.*! 
In Jackson’s group, there were 27 cases with accurate evidence of the 
use of amidopyrin. Seven of these received the drug before the onset 
of symptoms, which could possibly have developed from its use. Twelve 
patients (44°%) received no drugs before, during, or after the onset of 
agranulocytosis. Yet they had clinical pictures similar to those who 
took the drug. Cases have been re ported with the ne utrope! nia corre- 
sponding to the first of each menstrual period,™ in kala-azar,*:*’ acute 
pemphigus,” and following influenza. 

Fitz-Hugh" feels that “drug idiosyncrasy and the orthodox dictum 
of agranulocytosis preceding the onset of symptoms clashes hopelessly 
in the face of certain acute and relapsing cases reported.”’ He further- 
more points out that a neutropenic effect from amidopy rin cannot be 
a simple toxicologic problem for less than one in thousands of users 
of amidopyrin develop the disease; those who develop the disease do 
not take the drug in excess; and patients who have taken the drug in 
excess (allonal suicides, patients with measles and rheumatic fever) 
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maintained normal blood counts. However, an allergic or susceptible 
individual may be necessary, in whom only small doses suffice. This 
is the view of Madison and Squier.** They believe that the blood 
changes in agranulocytosis result from repeated administration of these 
drugs, especially amidopyrin, to persons who have developed specific 
allergic drug hypersensitivity through use of these products. Skin 
sensitivity was demonstrated by patch tests in 2 cases, and systemic 
reactions resulted in these patients, with reduction of the total and 
granular counts and elevation of the temperature, following applica- 
tion of a 10° solution to the unabraded skin. They considered the 
risk of intracutaneous tests too great to attempt their use. 

One must confess that amidopyrin often appears to be at least the 
exciting cause of the disease, and in several cases the use of the drug 
after recovery has shown distinct effects upon the white blood cor nt. 
One cannot deny that amidopyrin often appears to cause the clinical 
picture, but an identical clinical picture may develop without its use. 

The possibility of an endocrine factor must be considered in view 
of several recent case reports.“°" Chronic recurrent agranulocytosis 
has been shown at times to have a definite temporal relationship to 
the menstrual cycle. While the relationship is not constant, Jackson 
and Merrill have been impressed by cases with attacks at, or about, the 
menstrual cycle. Furthermore, approximately 80°, of cases occur 
in women. Thompson has followed 40 cases for a possible temporal 
correlation of the onset of the granulocytopenia with the onset of 
menstruation: 25 were under 40 years of age, that is, in the menstrual 
age; 17 of these patients dated the onset of subjective symptoms within 
| or 2 days of the regular menstrual period, and all 17 were menstruating 
on admission to the hospital. In 6 there were one or more recurrences 
coincident with the menses. 

One cyclic case, a man, reported by Thompson, developed diabetes 
insipidus. Hormonal studies suggested that the granulocytopenia 
occurred in this man at the time of the hormonal catamenia. 

The experiments of Orr*® suggest that the thyroid plays little or no 
role in endocrine-conditioned cases. He has shown in thyroidectomized 
rabbits that the myeloid tissue is less and the lymphoid tissue more 
vulnerable to the toxic action of benzene that in the normal, and that 
the response of the neutrophils and myeloid tissue to stimuli provoking 
leukocytosis, such as infection and nucleic acid administration, is 
unaffected by thyroidectomy. 

The recent work of Miller and Rhoads" attacks the problems of 
etiology from an entirely different aspect. In a study of black-tongue, 
they found that animals dying of the disease in an acute form frequently 
showed leukopenia with the acute stomatitis. In certain instances they 
describe the appearance or oral lesions strikingly similar to those seen 
in agranulocytic angina in humans. However, the leukopenia developed 
together with, or soon after, the onset of the mouth lesions, and no 
evidence is offered to show that the stomatitis followed the leukopenia. 
Furthermore, in none of the animals was complete agranulocytosis 
present. The lowest total white count was 1250, and the lowest abso- 
lute neutrophil count 360. Pathologically, bone marrow alterations 
were found, including a defect in the maturation of the erythropoietic 
cells. However, duration of the change was apparently too short to be 
reflected in the blood stream. 
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In spite of the close relationship of some cases of agranulocytosis 
to the intake of amidopyrin and related chemicals, it must be said 
that the etiology is still unknown. Certain cases follow specific dis- 
eases (kala-azar, influenza) and others appear to occur without appar- 
ent cause. Can all these seemingly unrelated cases be reconciled to 
one common etiologic factor? Is agranulocytosis a specific disease or 
a syndrome’ As yet the question is unanswerable. 

Pathology. ‘The pathology of agranulocytic angina is as confused 
as the etiology and treatment. This disordered state can be explained 
in part by two facts. First, those cases diagnosed as agranulocytosis 
have not, as scrutiny and reflection on the reported cases will show, 
always met the rigid criteria we now maintain in diagnosis. Second, 
and most importantly, the selection of material for study has not been 
carried out with care. 

Custer® stresses the importance of meticulous care in the examination 
of the bone marrow. Obviously, definite criteria must be laid down in 
obtaining specimens to ensure adequate data for analysis. Marrow 
from more than one focus must be included in the examination, pref- 
erably a specimen of the normally fatty type (femur, tibia) and one 
from the more cellular areas (ribs, vertebra, sternum). Sections are 
essential. Smears alone, Custer states, are nearly valueless for the 
relative proportion of cells and their relationship to each other are 
disturbed and cannot be estimated. 

With the above facts in mind recent investigations have begun to 
change the concept of the pathology, and, consequently, the funda- 
mental nature of agranulocytosis. The former contention that aplasia 
of the marrow is the characteristic lesion is gradually giving way, 
under this rigid technique, to the view that the difficulty lies in “ matura- 
tion arrest.” This view was first proposed by Fitz-Hugh and Krum- 
bhaar® who described a maturation arrest at the stem-cell stage followed 
by a terminal stage of aplasia. Jaffé* at a later date reported findings 
of increased cellularity in the bone marrow with a predominance of 
myelocytes of changed staining characteristics. Others have noted 
similar findings.“ Jackson and Parker“ agree in general with these 
views. In 25 cases, they found the cellularity was usually normal. In 
later stages of the disease in some cases degrees of hypoplasia were 
found. Little or no disturbance occurred and no abnormal features 
were noted in the red cell series. Megakaryocytes were normal in 
number and histology. No mature granulocytes were found in any 
marrow and there were no myelocytes. They, as did Fitz-Hugh and 
Krumbhaar, found active mitoses in the stem cells, indicating matura- 
tion arrest. However, in those patients surviving 8 to 20 days, the 
picture of relative hypoplasia developed. 

More recently, Custer® has analyzed 11 cases under rigid clinical 
and pathologic scrutiny. His findings are similar to those of Fitz- 
Hugh and Krumbhaar, and Jackson. In 9 of the 11 cases the following 
pathologic findings occurred uniformly—-1, marked proliferation of 
myeloblasts; 2, failure of these cells to mature; 3, normal or slightly 
increased red blood cell formation; 4, slight hyperplasia of otherwise 
normal megakaryocytes; and 5, infiltration of lymphocytes and plasmo- 
cytes. In the 2 remaining cases degeneration and relative hypoplasia 
were noted although changes, qualitatively, were similar to the other 9. 
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As in the reports of Fitz-Hugh and Krumbhaar, myeloblasts repre- 
sented almost entirely the granulocytic series. While the degree 
of cellularity varied considerably in different bones in individual cases, 
the qualitative changes were similar. He states that “the paramount 
feature is a failure of actively proliferating myeloblasts to ripen into 
segmented forms of the neutrophil. Is this due to a lack of an intrinsic 
maturation factor, as suggested by Fitz-Hugh and Krumbhaar, and 
comparable to that of the erythron in pernicious anemia, or is it due 
to extrinsic chemical or bacterial toxin?”’ 

From the standpoint of pathologic bone marrow, Custer has classified 
the causes of neutropenia, linking the alterations in the blood with 
changes in the marrow, so that the clinician is offered an opportunity 
to classify his cases as idiopathic or symptomatic agranulocytosis. 
The pathologic classification of neutropenias which may be correlated 
with the classifications given under “ Etiology” follows: 

“I. With relatively ‘full’ marrow, as a result of: 

“a. Severe toxemia (usually bacterial) 
“bh. The leukoses (leukemias) 
“1. Aleukemic myelosis—overproduction of granulo- 
cytes 
“2. Lymphodenosis—replacement of granulopoietic tis- 
sue 
“3. Reticulosis—replacement of granulopoietic tissue 
ce. Idiopathic agranulocytosis (Schultz)—defective matura- 
tion of the myeloblasts. 
“II. With relatively ‘empty’ marrow as a result of: 
a. Severe toxemia (usually chemical, as benzol) 
“hb. Marrow exhaustion, through protracted anemia, infection 
c. Aplastic anemia (idiopathic) 
“d. Irradiation 
e. Idiopathic agranulocytosis (occasional case). 

These confirmations of the state of the bone marrow make it possible 
to elaborate upon Kracke’s theory of the sequence of events in granulo- 
cytopenia, and to assign maturation arrest as the cause of the selective 
bone-marrow failure. Fitz-Hugh* has outlined his concept of the 
pathologic physiology. Through the toxin, allergy, or whatever influ- 
ence that suppresses maturation, there first occurs in the leukopoietic 
centers of the bone marrow an arrest in the development of the parent 
white blood cell. Maturation and emigration then slow down or cease 
entirely, and granulocytopenia follows. The granulocytes of the bone 
marrow are represented then only by myeloblasts with an occasional 
myelocyte in normal or increased numbers (hyperplastic stage). If 
these cells later die, the marrow reaches the aplastic stage. Remission, 
if it occurs, appears to be initiated by release of the maturational arrest, 
or by some factor which allows leukopoiesis and emigration to be 
carried out. Granulocytes again appear in the blood stream. 

Because of the analogies of this concept to the pathologic physiology 
of pernicious anemia, Fitz-Hugh and his co-workers have suggested 
the name pernicious leukopenia for this disease. 

Symptomatology. Under this heading | shall consider only a few 
scattered findings which have come to light in the past 2 years. The 
majority of these are best considered and naturally fall, in discussion, 
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in the consideration of diagnosis. When leukopenia is a concomitant 
of a recognized disease, for example malaria or infectious mononucleosis, 
the symptoms are those of the disease. 

Reflection on the possible results that may follow the conditions 
defined in Kracke’s theory of the mechanism of agranulocytosis leads 
one to a basic, symptomologic outline of this disease. Primary onset 
of the ¢isease in the bone marrow is accompanied at first by no symp- 
toms whatsoever. With the reduction in granulocytes about 4 days 
later one might expect symptoms arising through the absence of granu- 
locytes. Should we know more fully the functions of the granulocytes, 
we could expect symptoms due to the suspension of this function. 

Without granulocytes, infection is inevitable, for the granular cells 
represent a most important immunity conferring mechanism. Without 
them bacterial invasion of the mucous membranes with ulcers, inflam- 
mation, fever, and chills is a constant finding. Kracke® believes also 
that the granulocytes are necessary to the individual for his daily 
normal strength. Without them fatigue, exhaustion, prostration, 
and even collapse may result. Such symptoms, he finds, are common in 
individuals with leukopenia. He suggests a definite, but vague, clinical 
syndrome, consisting chiefly of weakness, easy exhaustion, fatigue and 
loss of strength associated with a chronic diminution in the number of 
granulocytes. The same author believes that dulling of mental func- 
tions, and loss of memory, leading to delirium and unconsciousness, 
may be ascribed to absence of granulocytes as well. The fever occurring 
in agranulocytosis before sepsis suggests to him a réle of temperature 
control. 

Diagnosis. Diagnosis consists, briefly, of cataloging any particular 
case with respect to one of the several classifications previously given. 
This procedure is not and has never been a simple matter. However 
in the past 13 vears great strides have been made in this direction. 
Says Kracke, “A leukopenia with complete or near complete absence 
of granulocytes, which constitutes the essence of the disease granulo- 
penia or agranulocytosis, is one thing, and a leukopenia that is a blood 
sign of a disease, of which it is a part, is quite another thing. Fine 
judgment and acumen may be necessary to make the differentiation. 
Sometimes only waiting will solve the problem. The point to be empha- 
sized is that a low granulocyte count is not, of itself, proof of the disease 
granulopenia.”” 

Doan emphasized*:** the differentiation of the leukopenias in an 
analysis of his own series. Over 80% of the patients referred to him 
in a 3-year period had leukopenias not of the Schultz type. Most 
cases will, no doubt, from analysis of the patients’ symptoms and signs, 
be classified as hematologic accompaniments of specific diseases, such 
as overwhelming infection (pneumonia, septicemia), infectious mono- 
nucleosis, malaria, virus diseases (measles, influenza), irradiation, benzol 
poisoning, the splenomegalies with leukopenia, aplastic anemias, and 
others. 

One must, of course, have forever in mind the possibility of primary 
agranulocytosis. It is only through alertness and religious use of the 
routine laboratory hematologic studies that one can be aware of the 
possibility of its presence. 

Jackson emphasizes that the best hematologic criteria for diagnosis 
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of granulocytopenia are a greatly reduced white blood count with com- 
plete absence of the neutrophils, together with an essentially unim- 
paired red blood cell and platelet count. Bleeding and palpable spleen 
and lymph nodes are absent. With local sepsis, however, lymph node 
enlargement may occur. Kracke,> on the other hand, reports a high 
percentage of patients with hemorrhage. These, he states, are usually 
small and at times are found at autopsy only. The platelets in these 
Cases have shown marked decreases. The hemorrhagic tendency, as 
described by Kracke, is secondary to the septic process resulting from 
the neutropenia. Most authors believe hemorrhage is rare. Throat 
ulcerations are not characteristic, and may be absent. There should 
he no other disease present which could logically explain the leukopenia. 
Confusing cases often arise in aleukemic leukemia. Miliary tubercu- 
losis of the bones®’ has produced a most confusing picture. Hodgkin's 
disease, netastatic carcinoma and overwhelming sepsis may also follow 
in general the hematologic criteria given above. Extreme leukopenia 
alone with absence of granulocytes is not, as Custer’s classification 
points out, pathognomonic of a single pathologic entity. 

The 3 cases reported by Jackson, in a discussion of diagnosis,” may 
be read and analyzed profitably by every one interested in the disease. 
The following statements embody one of Jackson’s reports. In leu- 
kemia, regardless of the total white count, the blood shows a number 
of very young cells, usually “blasts.””. Only occasionally is such a cell 
found in the blood in agranulocytosis. In agranulocytosis prostration 
is more marked and the febrile reaction less labile. Final differentiation 
from aleukemic leukemia rests upon the character of the white cells, 
changes in the red blood cells and platelets, and bone marrow changes. 
There are those who feel there is a close connection between the two dis- 
eases.” Strumia points out that in the two diseases there are many 
similarities in the clinical course, blood picture and the anatomic 
lesions. He cites at least 6 reported cases of apparent transition of one 
disease into the other. If the relationship is true, and what the relation- 
ship is, has not as vet been ascertained. 

Treatment. ‘Treatment of leukopenic states is rationally that of the 
etiology. When the etiology is unknown and the cause cannot be 
removed, treatment usually progresses along two lines: 1, support 
and symptomatic relief, and 2, empirical measures based chiefly upon 
theory and analogy to similar diseases. Evaluation of treatment must 
depend upon the accuracy of diagnosis and here, in granulocytopenia, 
lies a major problem. Treatment of amidopyrin granulocytopenia while 
continuing the use of the drug, or injecting pentose nucleotide into a 
misdiagnosed aleukemic leukemia must, of course, raise havoc with the 
conclusions as to the efficacy of the procedure carried out. It is with 
such thoughts in mind that the therapy of primary granulocytopenia 
must be approached. 

Roberts and Kracke® outline “three chief objectives of scientific 
treatment.” The first objective concerns itself entirely with the prob- 
lems of support and symptomatic relief, for the maintenance of life 
and strength. Nursing care, food, water, control of fever and care of 
the necrotic lesions are included. Second, attempts to restore the 
function of the bone marrow and consequently the white blood count 
to normal must be sought. If maturation arrest is the pathologic state, 
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a substance comparable to liver or hog stomach in the treatment of 
pernicious anemia would be the goal. Such a specific is not available. 
The third objective is warmly disputed. Roberts and Kracke state 
that sepsis and necrosis are the hopes of every patient to stimulate 
the myeloblastic activity of the marrow. Jackson and Parker* dis- 
agree. The disease may develop in the face of existing abscesses. 
“That sepsis raises the white count in individuals possessing a normal 
marrow is no indication that it will do the same in one whose bone 
marrow contains, so far as white cells are concerned, only stem cells. 
Just how sepsis causes leukocytosis and an hyperplastic marrow in 
normal patients is not clear. There is no evidence, however, that it does 
so by stimulating the few existing stem cells to maturation.” 

The following are the most important procedures currently discussed 
in the literature in the treatment of agranulocytosis: non-specific 
measures, pentnucleotide, stimulating doses of Roentgen ray, liver 
extract, sepsis and necrosis, transfusion, adenin sulphate, leukocytic 
cream and addisin. 

Non-specific measures deal chiefly with the procedures commonly 
used in producing leukocytosis. Intramuscular turpentine, milk 
injections, subcutaneous benzene and even bacterial injections have 
been suggested. Sepsis and necrosis are similar factors concerning 
which nothing more than the previous discussion need be added. The 
overwhelming consensus of opinion today is against the use of these 
measures especially since the establishment of maturation arrest as 
the pathology of the marrow, for no mature leukocytes are available to 
be called out. 

Pentnucleotide. Henry Jackson* first isolated from normal human 
blood a substance which he believed to be adenin nucleotide combined 
or mixed with an equal quantity of a pyrimidin nucleotide. Four 
years later, from the same laboratory came the report™ that the bone 
marrow of rabbits was stimulated by these substances to the production 
of neutrophilic leukocytes. This work started from the hypothesis 
that the effective normal stimulus to granulocyte production in the 
peripheral blood was the liberated products from disintegrating cells, 
possibly nucleic acid derivatives. Reznikoff* reached similar conclu- 
sions and in 1930° treated 4 patients, 3 of whom recovered, with adenin 
and guanin. In 1931, Jackson et al. presented the results of treatment 
of 20 patients with marked leukopenia with pentose nucleotide; 13 of 
these patients were diagnosed primary agranulocytosis; in 14 of the 
20) patients recovery took place; 7 of the 13 patients with primary 
agranulocytosis recovered. 

Since the pioneer work of Jackson and his coworkers, pentnucleotide 
has been used extensively throughout the world. Reports of its use, 
as with other forms of therapy, have been conflicting. Many single 
case reports and reports of several groups of cases have appeared in the 
past 2 years, some with, others without, beneficial results. Only by 
accumulation of cases in numbers sufficient to analyze statistically 
will it be possible to evaluate this or any other form of therapy. Of 
103 patients treated by pentnucleotide mentioned in Jackson’s report,” 
69 (67%) recovered and were still alive. A mortality of 33% is much 
lower than the mortality in the untreated disease, which is generally 
conceded to be above 75%. 
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Experimental data does not bear out clinical results with the use of 
nucleotide. Kimm and Spies*’ produced experimental leukopenia by 
irradiation. Pentnucleotide had no apparent effect in the subsequent 
course of these animals. Reich and Reich®* in similar experiments 
produced leukopenia by benzol poisoning in rats. Control experiments 
were run with saline injections in addition to the pentnucleotide therapy. 
Results did not differ significantly. While such experiments may cast 
some doubt on the value of pentnucleotide in the treatment of agran- 
ulocytosis, it must be remembered that irradiation and benzol poisoning 
do not produce the clinical and pathologic entity of primary agranulo- 
cytosis. It appears, clinically, that results are better with pentnucleo- 
tide than with any other form of therapy. Surely, except for the pos- 
sibility of some reactions which have occurred, there are no detrimental 
effects, and every case should be given the benefit of a trial with such 
therapy. 

The action of adenin sulphate, a purine base and a disintegration 
product of the nucleotides, is thought to be similar to that of the 
nucleotides. It might be expected that therapeutic results would be 
similar. Adenin sulphate has not had as extensive use as the pent- 
nucleotides so that a large group of cases is not available for analysis. 
Reznikoff®? reported 35 eases which had been followed, 15 of which 
were definitely diagnosed as “primary” agranulocytosis. Eleven 
(73%) of the 15 recovered, figures which compare favorably with the 
results with pentnucleotide. Although adenin sulphate is a simpler 
chemical compound than pentnucleotide and appears to give a quicker 
response when effective (24 to 48 hours as compared to 4 to 5 days) 
it is less soluble, must be boiled in saline, and is given intravenously 
when warm. 

Bone marrow itself has been used in therapy. Reports are scanty 
and no conclusions may be drawn from its casual use. Strumia®? 
advocates the use of a leukocytic cream and gives directions for its 
preparation. Injections were given intramuscularly into 10 patients 
with agranulocytosis. All the cases recovered. In most cases an in- 
crease in circulating granulocytes occurred in 1 to 4 days, usually 
within 48 hours. 

Liver extract, first used with apparent success by Foran, Sheaff and 
Trimmer™ has been investigated further by Meyer, Middleton and 
Thewlis,“* who believe it probably acts by stimulation of the bone 
marrow, since the leukocyte count is raised by its use following splenec- 
tomy. Martin® claims success with liver. Jackson’s cases, 4 in 
number, all died, but these patients received pentnucleotide as well. 
Heck’s case® of recurrent agranulocytosis received liver therapy with 
a response which differed in no way from that occurring in attacks 
without any treatment at all. Other reports, similar to those given, 
show approximately the same results. In the evaluation of therapy 
as yet liver must be given a minor place. As its use continues and a 
series of cases develops, sufficient material for statistical analysis will 
settle its value. Today its value cannot be satisfactorily estimated. 

Addisin, an hemopoietic substance secreted in the normal stomach, 
akin if not identical with the intrinsic factor of Castle, and, therefore, 
related to liver extract, was used in 1 patient by Morris. The white 
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blood count began to rise in less than 24 hours following the adminis- 
tration of the drug. Further experience with this substance is indicated 

Transfusion. Taussig and Schnoebelen™ collected 53 cases in which 
transfusion had been used. Thirty-four (64°) died, as compared with 
75° with no specified form of therapy. As a curative measure trans- 
fusion appears to offer little help. Its use, however, may be important 
as a temporary measure in that it may prolong life, and second, 
by prolonging life it may carry a patient over a period of several days 
until other therapeutic measures can be instituted, or until spontaneous 
remission develops. 

Irradiation. One reads much of stimulating doses of Roentgen 
radiation in the treatment of agranulocytosis. The term “ stimulating”’ 
must be defined. Most radiologists®® believe that if effective at all 
Roentgen ray is entirely destructive in its action. Radiation may 
destroy cells and set free enzymes or disintegrating cellular products, 
which may secondarily act as stimulating factors. If Roentgen radia- 
tion is active in the treatment of agranulocytosis it is, no doubt, by 
this mechanism, and perhaps even through the production of substances 
akin to adenin and the nucleotides. 

Reports of results with irradiation are conflicting. Doan**’ con- 
siders that Roentgen ray therapy is always contraindicated in every 
leukopenic state unless it can be proved that myeloid hyperplasia 
exists in the marrow. It is contraindicated, then, whenever a hypo- 
plastic myeloid marrow underlies the leukopenic state. Fitz-Hugh*’ 
gives Roentgen ray if practicable. He states it is certainly harmless 
and may be of value although experience is not convincing. Reported 
results are variable. In 64 cases collected by Taussig and Schnoebelen®’ 
34 (53%) died. In 4 of their own cases 2 recovered and 2 died. Cogges- 
hall®® reports a successful case. Gager and Speer’’ treated 2 cases with 
recovery. Four of 5 of Waters and Firor’s cases” survived. Jackson 
is not impressed with the efficacy of radiation.” 

In general, the statement holds that, although irradiation seems 
effective in some cases, it has not as yet established itself as an effective 
form of therapy, and in cases with an aplastic marrow its effects may 
even be detrimental. 

A. Sopeman, M.D. 


REFERENCES. 


1. Schultz, W. Deutsch. Med. Wehnschr., 48, 1495, 1922 
2. Brown, P. K. Am. Med., 3, 649, 1902 
3. Stenn, F.: Am. J. Surg., 27, 559, 1935. 
4. Friedemann, U.: Med. Klin., 19, 1357, 1923 
5. Roberts, 8. R., and Kracke, R. R. Ann. Int. Med., 8, 129, 1934 
6. Roberts, 8S. R., and Kracke, R. R.: J. Am. Med. Assn., 95, 780, 1930 
7. Sturgis, C. C. in Musser’s Internal Medicine, Philadelphia, Lea & Febiger, 
1934, 2d ed. 
Kastlin, G. J. Am. J. Mep. Sct., 173, 799, 1927. 
9. Pepper, O. H. P.: Calif. and West. Med., 35, 82, 173, 1931 
10. Dennis, E. W.: J. Exp. Med., 57, 993, 1933. 
11. Meyer, O. O., and Thewlis, E. W.: J. Clin. Invest., 13, 437, 1934 
12. Kitchin, P. C. J. Dent. Res., 14, 315, 1934. 
13. Fitz-Hugh, T. Ann. Int. Med., 8, 148, 1934. 
14. Vaughn, W. T. J. Allergy, 5, 601, 1934 
15. Kracke, R. R.: Am, J. Clin. Path., 1, 385, 1931. 


16. Madison, F. W., and Squier, T. L J. Am. Med. Assn., 101, 2076, 1933. 

17. Rawls, W. B Am. J. Mep. Sct., 187, 837, 1934. 

18. Madison, F. W., and Squier, T. L J. Am. Med. Assn., 102, 755, 1934 

19. Plum, P Lancet, 1, 14, 1935 

20 Zimberg, 1. S., Katsenstein, I and Wise, L. E J Am. Med. Assn., 102 
2098, 1934 

21. Benjamin, J. E., and Biederman, J. B Ibid., 103, 161, 1934 

2. Kracke, R. R., and Parker, F. P Am. J. ¢ ‘lin. Path., 4, 453, 1934 

23. Stone, (. H., and Margolis, J J. Am. Med. Assn., 103, 1933, 1934 

24. Randall, ¢ Ibid., p. 1137 

25. Hoffman, A. M., Butt, E. M., and Hickey, N. G Ibid., p. 1213 

26. Bohn, 8.8 Ibid., p. 249 

27. Davidson, E. N., and Shapiro, M Ibid., p. 480 

Silver, S Ibid., p. 1058 

9. Dameshek, W., and Gargill, 8. L New Eng. J. Med., 211, 440, 1934 

30. Herz, L. } J. Lab. and Clin. Med., 20, 33, 1934 

31. Jackson, H., Jr Am. J. Mep. Sc1., 188, 482, 1934 

(Custer, R R Ibid 189, 507, 1935 

33. Stealy, C. I Ibid., p. 630 

34. Jackson, H., and Merrill, D New wae J. Med., 210, 175. 1934 

35. Fiala, M. J Arch. Dermat. and Syph., 30, 704, 1934. 

36. Zia, L. S., and Forkner, C. | Mep Scr., 188, 624, 1954. 

7. Zia, L.S., and Forkner, C. | Proce. Soc. Exp. Biol. and Med. 32, 536, 19534. 

38. Madison, F. W., and Squier, T. L J. Allergy, 6, 9, 1934 

39. Thompson, W. P New Eng. J. Med., 210. 176, 1934 

10. Orr, J. W J. Path. and Bact., “ 503, 1934 

$1. Miller, D. K., and Rhoads, C. P . Exp. Med., 61, 173, 1935 

12. Fitz-Hugh, T., and Krumbhaar, FE Am. J. Merb. 183, 104, 1932 

13. Jaffé, R. H Arch. Path., 16, 611, 1933 

14. Dameshek, W., and Ingall, M Am. J. Men. Sctr., 181, 502, 1931 

15. Baldridge, (. W., and Needles, R. J 4 » p. $33. 

16. Jackson, H., and Parker, | New Eng. J. Med., 212, 137, 1935 

17. Fitz-Hugh, T Penna. Med. J., 37, 579, 1934 

i8. Doan, C. A Am. J. Homeo., 27, 577, 1934 

19. Doan, C. A J. Am. Med. Assn., 101, 2075, 1933. 

50. Winslow, K Northwest. Med., 33, 176, 1934 

51. Strumia, M. M Am. J. Mep. Sct., 188, $26, 1934 

52. Jackson, H., Jr J. Biol. Chem., 59, 529, 1924 

53. Doan, C. A., Zerfas, L. G., Warren, 8., and Ames, D J. Exp. Med., 47, 403, 
1928 

54. Reznikoff, P J. Clin. Invest., 6, 16, 1928 

55 — P Ibid., 9, 381, 1930. 

56. Jackson, r., Parker, | tinehart, J. F., and Taylor, F. H J. Am. Med 
Assn., 97, 143, Lew 

57. Kimm, H. T., and Spies, J. W Proc. Soc. Exp. Biol. and Med., 31, 1237, 1934. 

58. Reich, C., and Reich, G. Am. J. Mep. Scr., 188, 71, 1934 

59. Reznikoff, P J. Clin. Invest., 12, 45, 1933 

60. Bureky, F. W Illinois Med. J., 67, 59, 1935 

61. Heck, F. J. Proc. Staff Meet ae 9, 200, 1934 

62. Strumia, M. M Am. J. Mep. Scr., 187, 527, 1934 

63. Foran, F. L., Sheaff, H. M., and Trimmer, Rt W J. Am. Med. Assn., 100, 
1917, 1933. 

64. Meyer, O. O., Middleton, W. 8., and Thewlis, E. M. Am. J. Mep. Sct., 
188, 49, 1934. 

65. Martin, W. B Am. J. Clin. Path., 4, 438, 1934. 

66. Morris, R. S., Rieh, M . Schiff, L., Foulger, J. H., and Felson, H. Ann, 
Int. Med., 6, 1535, 1933. 

67. Taussig, A. E., and Schnoebelen, P. E.: J. Am. Med. Assn., 97, 1757, 1931. 

68. Menville, L. J Personal communication. 

69. Coggeshall, L. J Med. Clin. North America, 17, 1645, 1934. 

70. Gager, L. T., and Speer, A. J. Am. J. Roent., 27, 40, 1932. 

71. Waters, C. H., and Firor, W. B Johns Hopkins Hosp. Bull., 48, 349, 1931. 

72. Jackson, H., Jr. Am. J. Men. Scr., 188, 604, 1934. 


MEDICINE 14] 


142 PROGRESS OF MEDICAL SCIENCE 


PEDIATRICS 


UNDER THE CHARGE OF 
ALVIN E. SIEGEL, M.D 
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THE BLOOD PICTURE AND ITS VARIATIONS IN INFANCY 
AND CHILDHOOD. 


A REVIEW of the development of the hematopoietic mechanism is 
essential to an understanding of the normal blood picture and the 
abnormal variations which are encountered so often in infants and 
children. The following is a widely, though not universally, accepted 
concept. In the embryo, formation of red blood corpuscles precedes the 
formation of the other cellular elements of the blood. The forerunner 
of the erythrocyte is the megaloblast. This arises from the endothelial 
cell, and is present for a considerable time before the leukocytes are 
differentiated. Prenatally the liver and the spleen are active seats 
of blood formation, but by the time the child is born the bone marrow 
has entered into the function of blood production. However, during 
early infancy these two organs still retain partially their embryonic 
hematopoietic function. Whenever a demand arises these centers 
function again to meet the demand. As the child becomes older the 
function becomes established more definitely in the bone marrow and 
a demand for additional cellular elements is met largely by it. Embry- 
onic or very immature cells appear less frequently in the circulation. 
The red cells are produced in bone marrow from the endothelial cells 
lining the closed vascular sinusoids (Doan). They begin as megaloblasts 
and become in sequence macroblasts (erythroblasts), normoblasts, 
reticulocytes and finally the mature erythrocyte. Reproduction by 
cell division may occur as long as the nucleus remains normal, 7. ¢., the 
pyknotic nucleus of the normoblast does not allow reproductive cell 
division. The granular leukocytes originate in bone marrow paren- 
chyma. The lymphocytes are derived from lymphoid tissue and the 
monocytes (endothelial leukocytes) from the reticuloendothelial tissues. 

The blood elements show a marked instability during the first 2 
months of life. Merritt and Davidson' studied 77 normal children from 
their birth to 1 year of age. They found that after the second month 
the erythrocyte count of 4,690,000 persisted throughout the first year 
_ with a mean deviation of 370,000. In the same way the mean value 
for hemoglobin during the first year was found to be 12.6 gm. per 100 cc., 
with a standard deviation of 1.36 gm. In the Sahli scale, 17 gm. per 
100 ec. is equivalent to 100%, and the color index is 0.90. They found 
also that the reticulocytes in the normal infant had a mean value of 
3.4% at birth, after which there was a rapid drop during the first 
month to 0.16% with a standard deviation of 0.12%. This they regarded 
as normal throughout the first year. Blood platelets at birth were 
found to have a mean value of 227,000. After a rise at the third month, 
their mean value throughout the remainder of the first year was 344,000 
with a standard deviation of 66,000. 
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The leukocytes vary considerably. This is true especially in the 
neonatal period. Kato? made 1081 total and differential leukocyte 
counts on 1037 individuals ranging in age from birth to 15 years. He 
found that the total leukocyte count was very high during the first 
2 days with a maximum averaging 22,000 at the end of the first 24 
hours of life. There was a sudden pronounced drop in the count on the 
third or fourth day, averaging 8750. During the first 3 months there 
was a slight temporary rise up to an average of 10,000 to 11,000. After 
this the normal level averaging S000 was maintained, although there 
was a tendency to a gradual fall throughout the remaining period of 
infancy and childhood. The total granulocytes (neutrophils, eosinophils 
and basophils) were correspondingly high during the first 3 days of 
life. They fell sharply on the fourth day of life, paralleling a similar 
sudden drop of the total leukocytes. From 3 weeks to 4 years the 
total number of granulocytes was much lower in both relative and 
absolute numbers than that of the lymphocytes. Eosinophils and baso- 
phils were found constantly throughout childhood, but no significant 
variations were observed in normal children. The total lymphocytes 
were relatively low at birth and dropped sharply on the third day, but 
rose rapidly to reach their highest peak during the second month. 
After this the lymphocytes were greater in number than the granulo- 
cytes, until the fourth year when the two cell types were equally dis- 
tributed. After the fifth year the lymphocytes decreased steadily until 
the fifteenth year when they were about one-half as numerous as the 
granulocytes. The monocytes were present in large numbers in the 
neonatal period. After 2 weeks, the number of monocytes fell to a level 
which was maintained throughout childhood. The lymphocytes and 
the monocytes seemed to bear a quantitative relationship to each other, 
a ratio being obtained by dividing the percentage of monocytes by 
that of the lymphocytes. This monocyte-lymphocytic ratio described 
a definite curve of variations from infancy to childhood. A similar 
ratio was observed between lymphocytes and granulocytes. It was 
caclulated by dividing the percentage of the total granulocytes by that 
of the lymphocytes. These two ratio curves are somewhat identical 
in nature, the only difference being that the actual value of the granulo- 
lymphocytic ratio is approximately 10 times greater than that of the 
monocyte-lymphocytic ratio. 

Washburn’ attempted to discover what variations of leukocytes 
were present in normal healthy infants during the first 3 months of 
life. His observations covered hourly fluctuations on different days 
in the same babies. He found that the total leukocyte counts varied 
between 4000 and 23,000 per cmm. without indicating the presence 
of any demonstrable disease process. The leukocyte counts in any 
individual baby tended to fluctuate within a definite zone, but this 
zone was not the same for every baby of a given age and size. There 
was no evidence of orderly rhythm in the fluctuations of the leukocyte 
count during the hours of the day or night. There is no reason for 
expecting counts done at the same hour on different days to be com- 
parable. He was unable to show any relationship between the number 
of leukocytes and such factors as the intake of food, digestion, sleep, 
increased activity or minor external disturbances. He found that the 
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lymphocyte was the cell type that was responsible for the sharp fluctua- 
tions in total white cell count. 

Considering the types of leukocytes, one is impressed with the lack 
of uniformity in classifying white cells in textbooks and in the less 
recent literature. A Renaissance of interest in the blood dyscrasias 
has stimulated research into the elements of the blood in healthy 
individuals as well as in sick people. One vitally important develop- 
ment has been the attempt to classify the types of leukocytes. Wash- 
burn‘ points out that there is no great difficulty in classifying eosinophils 
and basophils because of the typical stain reactions of the granules. 
The neutrophils have been divided into myelocytes, immature and 
mature polymorphonuclears. The mature cell shows in its typical 
form a well segmented nucleus of from 2 to 6 lobules joined by narrow 
bands of nuclear material and with its neutrophilic granular cytoplasm. 
The immature cell is usually slightly larger and its nucleus is unseg- 
mented, though it may be somewhat lobulated. It is plump and some- 
what vesicular in appearance and presents a shape which varies from 
a shallow U or irregular S to that of a rather slender kidney. This 
group corresponds most closely to Schilling’s juvenile cell and may 
include a few cells which he would classify as stab cells. The myelo- 
cyte is usually fairly characteristic, being approximately the same size 
as the immature polymorphonuclear, with a round or plump kidney- 
shaped nucleus and with distinctly more tendency to a basophilic 
reaction in the granular cytoplasm. ‘The only cell with which it might 
be confused is a monocyte that is unusually granular. The still more 
immature promyelocyte and myeloblast are found in the circulation, 
chiefly in leukemia. 

The lymphocytes are the predominant white cells in the blood 
of the infant for the greater part of the first 6 months of life. They 
differ from lymphocytes in the blood of adults not only in numbers 
but also in the type of cell. The typical small lymphocyte of the adult 
blood or of that of older children is not the most characteristic of the 
group in infancy, where they seem to be divided equally into large 
and small types. There is, however, a large proportion of lymphocytes 
intermediate in size between the real small lymphocytes of the adult 
and the definitely large type of infancy, which measures 2 or 3 times 
the diameter of the erythrocyte. 

The monocytes form a large heterogeneous group. The typical 
monocyte is slightly larger than a mature neutrophil and has a slate- 
gray background containing fine pinkish staining granules which tend 
to occur in groups. Its nucleus is large and roughly kidney-shaped 
_and stains a paler purple than that of either the lymphocyte or the 
mature neutrophil; the chromatin is more finally divided. Less than 
half of the monocytes in the blood of young infants belong to this type. 
About an equal number show varying amounts of coarse granulation, 
usually purplish and sometimes, but not always, obscuring the char- 
acteristic cytoplasm. The nuclei of these cells are often more deeply 
stained, and present almost every shape from a round or slightly 
indented to a truly segmented form with two distinct lobes. This type 
of monocyte may be difficult to differentiate from the myelocyte or 
immature neutrophil; but in most cases the characteristic gray cyto- 
plasm and pinkish granulation of the monocyte can be recognized. 
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Agranular forms of monocytes are seen occasionally, with a more 
bluish cytoplasm that may contain a very few fine granules. The 
nucleus may be round, kidney-shaped or actually bilobed. In the blood 
of the same infant every variation from the agranular to the typical 
monocyte and from the typical to the very granular form may be seen. 

There are cells which are definitely less mature than a myelocyte 
or than a very large lymphocyte. These have been called blast cells. 
There has been no attempt to divide them into lymphoblasts, myelo- 
blasts, or monoblasts. These show a very deep blue agranular but 
fuzzy cytoplasm with a large round or oval nucleus which may be 
eccentric. Their diameter varies from 2 to 5 times that of a red cell. 
There is also considerable difference in the compactness of chromatin 
in the nucleus, although the nuclei of all of these cells stain deeply. 
The nucleus may appear as an almost solid mass as arranged in whorls 
or like a solid mass that has been fractured in many places. This last 
type resembles a megaloblast. The blast cells ate not seen as often 
in the neonatal period as between the fourth and eighth weeks. 

From 0.5 to 2% of the leukocytes may resist classification. These 
are mostly mononuclear forms and probably represent a heterogeneous 
group of atypical cells, some of which are immature and some degener- 
ate forms, although from their appearance they may seem to be whole 
functioning cells. According to Washburn in childhood the lympho- 
cytes vary from 27 to 88°; neutrophils, from 5 to 63; all granulocytes, 
from 10 to 68 and monocytes from | to 18% 

According to the Schilling classification there are 3 main divisions 
of white blood cells; granulocytes, monocytes and lymphocytes. 
Roughly speaking, an increase of granulocytes is noted in acute infec- 
tion, of monocytes in subacute infection and of lymphocytes in chronic 
infection. The change in granuloc "ytes, especially in neutrophils, in 
acute infection is the main factor in interpreting blood smears by the 
Schilling classification. He subdivides the neutrophilic granulocytes 
into 4 groups; segmented or mature forms; stab, staff, band or nearly 
mature forms; juvenile or immature forms; and the myelocyte or the 
least mature form of all. An increase in the immature forms is spoken 
of as a shift to the left. The nucleus of segmented neutrophils is sub- 
divided into two or more parts which are joined by pyknotic filaments. 
In stab cells there is a more or less continuous nucleus with heavy 
chromatin areas in it and a nucleus in the shape of an S, T, U, V, W or Y. 
Juveniles are neutrophils with a continuous nucleus ‘normally shaped 
like an U or kidney or peanut. There are no dark chromatin masses, 
but there may be a nucleolus in each terminal. In addition the nucleus 
of juveniles is paler, broader and usually ends in club-like extremities 
and occasionally the cytoplasm has a pale bluish cast. Myelocytes have 
a single round or oval nucleus, and their cytoplasm stains distinctly 
blue with large pink granules in it. An arrangement of the leukocytes 
in a horizontal line, basophils, eosinophils, myelocytes, juveniles, stab, 
segments, lymphocytes and monocytes with their percentages presents 
the Schilling hemogram. An increase of the immature granulocytes 
(i. e., those to the left) constitutes a shift to the left and indicates an 
increase in infection. When stabs with prominent irregular granules 
are increased with an associated decrease of the segments the shift 
is spoken of as a degenerative one. It represents an interruption in the 
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developmental phase of neutrophils by a toxic impression on the bone 
marrow. With a stimulation of the regenerative process of the bone 


marrow by severe toxins, more new cells are formed in a “ regenerative 
shift,’’ which is seen only in severe infections. Both degenerative and 
regenerative shifts may go on simultaneously. 

The chief abnormal varieties of leukocytes in the peripheral blood are 
metamyelocytes, neutrophilic myelocytes, myeloblasts and lympho- 
blasts. The metamyelocytes are the connecting links between the 
myelocytes of the bone marrow and neutrophils of the blood. The 
nucleus is indented and the cell is usually smaller than the myeloblast 
and the myelocyte, being about the size of the mature neutrophil, 
which it resembles in every way except in the shape of the nucleus. 
The metamyelocytes may be subdivided into two types; those with a 
slightly indented nucleus which are called young or Y type, and those 
with a deeply indented nucleus which are called band or B type. 
The neutrophilic myelocytes are the bone-marrow precursors of the 
neutrophil in the normal blood. All 3 of these forms of myelocytes, 
especially the neutrophilic, are found in the blood stream in the severe 
infections with extensive leukocytosis, but they are only seen in large 
numbers in splenomyelogenous leukemia. They are all developed from 
myeloblast as large mononuclear cells, whose protoplasm is filled with 
neutrophilic, eosinophilic or basophilic granules. The nucleus occupies 
most of the cell and is round, oval or slightly indented. The granules 
do not as a rule stain as deeply as similar granules in normal cells of 
the blood. Myeloblasts, the parent cells of the myelocytes are met in 
acute myelogenous leukemia and in the terminal stages of chronic 
myelogenous leukemia when the bone marrow reverts to the embryonic 
type. They do not have granules. The nuclei are round or oval and 
poor in chromatin with pale blue nucleoli. Lymphoblasts occurring in 
acute lymphatic leukemia, are large cells closely resembling the large 
or immature lymphocytes of normal blood, especially in children. 
Deep blue granules are sometimes seen in the cytoplasm, and the nucleus 
shows usually one or two nucleoli. At times the nucleus may be lobu- 
lated and is termed the “ Rieder cell.’” The nucleus may be lobulated 
also in myeloblasts. 

Nussbaum’ endorsed the application of the Schilling method of study 
of the blood as a valuable aid in diagnosing the presence of infection 
in pediatric cases. From a study of 432 hemograms of 232 children he 
found that the chief change in the hemogram in the presence of active 
infection was the increase in the percentage of immature neutrophils 
in the peripheral circulation. According to the percentage of immature 
granulocytes (stabs, juveniles, myelocytes and myeloblasts) present in 
the peripheral blood, cases may be grouped into 5 classes: no regenera- 
tive shift (less than 10%); mild regenerative shift (10 to 20%); moder- 
ate regenerative shift (20 to 35%); marked regenerative shift (above 
35%), and marked regenerative shift with signs of exhaustion of the 
bone marrow when more than 10% of myeloblasts, myelocytes and 
juvenile cells are present. ‘The degree of regenerative shift is propor- 
tional to the virulence of the invading organism except for slight 
individual variation. 

Osgood and Baker,® studying 112 healthy boys and 103 healthy 
girls between the ages of 4 and 14 years found no significant differences 
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on the basis of age and sex. The normal ranges for children of these 
ages were found to be as follows: red blood cells; 4,200,000 to 5,800,000; 
hemoglobin, 10 to 14 gm.; hemoglobin coefficient, 10.20 to 13.80; cell 
volume, 31 to 41 ee.; color index, 0.85 to 1.15; volume index, 0.85 to 
1.15; saturation index, 0.90 to 1.10. These observers class as anemic 
those children with erythrocytes below 4,200,000 or the hemoglobin 
below 10 gm., or both. A diagnosis of “secondary anemia”’ is decried 
as it does not indicate the type of anemia, the etiology, or the treatment. 
In macrocytic anemia the color and volume indexes are above 1.15 
and the saturation index is normal. This type responds to treatment 
with the active principles of the liver or of the stomach. Normocytic 
and simple microcytic anemias show normal or low color and volume 
indexes and a normal saturation index. The treatment of these types 
is the removal of the cause. Transfusions are of benefit sometimes, but 
liver and iron do not help. Microcytic hypochromic anemia shows 
color and volume indexes below 0.85 and a saturation index below 0.90. 
The cause of this type is usually chronic hemorrhage, deficiency of iron 
in the diet or achlorhydria resulting in deficient absorption of iron. 
Iron in large doses, especially in the form of ferrous sulphate acts 
usually as a specific. 

The majority of premature and immature babies either present a 
more or less severe anemia at birth, or it develops soon thereafter. 
This fact was corroborated by the observations of Merritt and David- 
son.’ The anemia in immature babies is less marked usually than that 
in premature infants. Josephs* has attempted to determine the mechan- 
ism of the physiologic anemia of prematurity. As regards the response 
of reticulocytes, and its relation to the administration of iron he found 
that there was no basis for the idea that the fall in red cells and hemo- 
globin was dependent on hypoplasia. During the first 6 to 10 weeks 
after birth administration of iron resulted in no improvement. The 
length of the period was in direct ratio to the degree of prematurity. 
After an early period of non-reactivity, there followed a short transi- 
tional period with delayed response, after which administration of iron 
was followed by a prompt response in the reticulocytes and a rise in 
red cells and hemoglobin. He could find no evidence to show that the 
lack of stores of iron plays any part in the development of or in the 
persistence of the anemia before the end of the third month; but after 
that time the rise in the red cells without a corresponding rise in the 
hemoglobin in untreated infants indicates that lack of stored iron has 
become an important factor. He was not convinced that a low percent- 
age of hemoglobin was in itself harmful, although he thinks that it is 
indicative of a condition that renders the infant more susceptible to 
infection. Although iron may raise the hemoglobin content, trans- 
fusion is recommended as the method of choice in treating the condition 
as a whole. Abt® found the change in oxygen tension, the increased 
hemolysis after birth, the fragile and immature red cells and the embry- 
onal type of hemoglobin in the premature as well as in the full term 
new-born infant. In addition the premature baby has a smaller total 
blood volume, and the increment in growth was greater, and with the 
rapid gain in weight and growth there must be a corresponding increase 
in the bleod volume. As a consequence the demand for new blood 
formation in the premature is much greater. There is no way of measur- 
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ing accurately the efficiency of the formation of blood, but it is a logical 
assumption that the immature blood-forming organs of premature 
infants are not capable of supplying fully the demands of the rapidly 
growing premature infants in the first 8 to 12 weeks after birth. This 
incapacity is comparable to the imperfect functioning of the gastro- 
intestinal, the cardiovascular and heat-regulating systems in these 
babies. 

At best the classifications of anemias are not very satisfactory in 
either adults or children. The leukemias constitute a fairly well-defined 
group. The characteristic of these is a great overproduction of leuko- 
cytes associated with an anemia. At times there is a failure of the leuko- 
cytes to increase for a part of the illness. In such cases this is known 
as an aleukemic phase, and it gives rise to considerable difficulty in 
diagnosis. In fact diagnosis may be impossible unless other factors 
indicate the correct conclusion. According to Parsons and Smallwood,'’ 
exclusive of the leukemias, the anemias of infancy and childhood may 
be divided into two main groups; the hypoplastic, anhematopoietic or 
deficiency anemias, and the hemolytic or erythronoclastic anemias. The 
first group is characterized by defective blood formation, either a qual- 
itative or quantitative failure which is the result frequently of nutri- 
tional disturbance such as iron starvation in the nutritional anemia of 
infancy and the hypochromic anemia of coeliac disease or the vitamin 
deficiency in the anemia of scurvy. The second group is characterized 
by excessive destruction of the circulating blood cells, perhaps associated 
with damage of their precursors in the bone marrow. The damage 
to the bone marrow may paralyze either temporarily or permanently 
its blood-forming activities, ¢. ¢., aplasia. 

Abt! classified blood dyscrasia of infancy and childhood into two 
groups, depending on whether leukocytosis or leukopenia was present. 
His group with leukocytosis he subdivided into two subgroups; non- 
leukemic conditions simulating leukemia and leukemias simulating 
other conditions. Examples of the non-leukemic conditions simulating 
leukemia are pertussis, pneumonia, sepsis, von Jaksch’s pseudoleukemic 
anemia. Cooley’s erythroblastic anemia, infectious mononucleosis, 
mediastinal tumor and Niemann-Pick’s essential lipoid histiocytosis. 
In leukemia simulating other conditions it is possible for a leukemia 
to be present at the same time as other conditions so that the manifes- 
tations of the other diseases may overshadow the signs of the leukemia. 
As examples of this are found leukemia associated with mediastinal 
tumor, rheumatism, diarrhea and parotitis. In the classification of 
blood dyscrasias with leukopenia there are also two groups: non- 
leukemic conditions simulating leukemia and aleukemic leukemia 
simulating other conditions. Under the first heading are grouped sepsis, 
agranulocytosis, Gaucher’s disease, aplastic anemia and malaria. 
Under the second heading sepsis, appendicitis and aplastic anemia 
must be considered. Hodgkin’s disease was not included by Abt, but 
according to Smith," who studied 20 children with this disease, they 
showed a progressive anemia and a tendency to leukopenia with an 
increase of monocytes. 

The many dycrasias of the blood in infancy and childhood cannot be 
given adequate consideration here. In fact many can only be enumerated 
as in the classifications given above. Unfortunately these classifications 
do not include all types of diseases presenting abnormal blood pictures 
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that are encountered in childhood. Among those not listed already 
are pernicious anemia and purpura. Several of those listed in Abt’s 
classification demand more specific consideration. 

Givan and Shapiro” analyzed 29 cases of symptomatic agranulo- 
cytosis and a reported case of their own. Although the cause of this 
pathologic condition is not known definitely, the frequency with which 
it is associated with severe antecedent infection must be regarded as 
more than a casual relationship. The disease has been described as a 
granulopoietic disease of the bone marrow. In the particular case 
cited adenin sulphate was used as a stimulant. With the reappearance 
of the granular elements the blood stream infection was overcome, 
the blood picture became normal and surgery was successful in clearing 
out infected areas in the jaw with the ultimate recovery of the patient. 

Greenwald" says that aplastic anemia is characterized by its rapidly 
and progressively fatal course. The two outstanding features are the 
anemia and the hemorrhagic diathesis, which manifests itself by 
hemoptysis, epistaxis and purpuric eruptions. Fever is usually present 
throughout the disease. Pigmentation of the skin may be present. 
There are always cachexia and weakness. Sometimes necrotic areas 
develop in the mucosa of the mouth. The blood picture is the chief 
feature in diagnosis. There is a decrease of hemoglobin to 10 to 15% 
and the erythrocytes may be 1,000,000 or less. The color index is 
approximately 1. Nucleated red cells are usually absent although mono- 
blasts may be met. Reticulocytes and polychromatophilic erythro- 
cytes are absent. There is a leukopenia with a marked reduction of 
neutrophils and an almost complete absence of eosinophils. There is 
a marked increase in the lymphocytes. 

Cohen" believes that congenital anemia of the newborn and erythro- 
blastosis are not synonymous, and reports a case of anemia of the new- 
born without erythroblastosis in support of his claim. However, these 


two conditions often occur together. Andrews and Miller'® report 
t cases of anemia of the newborn showing erythroblastosis; Brown, 
Morrison and Meyer'’ report a case without erythroblastosis. At 


autopsy a careful search of all tissues available for study failed to reveal 
the degree of extramedullary hematopoiesis characteristic of erythro- 
blastosis. 
REFERENCES. 
1. Merritt, K., and Davidson, L. T Blood During First Year of Life; Normal 
Values for Erythrocytes, Hemoglobin, Reticulocytes and Platelets, and Their Rela- 
tionship to Neonatal Bleeding and Coagulation Time, Am. J. Dis. Child., 46, 990, 


1933. 


2. Kato, K.: Leukocytes in Infancy and Childhood. A Statistical Analysis of 
1081 Total and Differential Counts from Birth to 15 Years, J. Pediat., 7, 7, 1935. 
3. Washburn, A. H. Blood Cells in Healthy Young Infants; Leukocytic Picture 


During First 3 Months with Special Reference to Hourly and Daily Variations, Am. 
J. Dis. Child., 47, 993, 1934. 

1. Washburn, A. H.: Blood Cells in Healthy Young Infants. III. A Study of 
608 Differential Leukocyte Counts, with a Final Report on 908 Total Leukocyte 
Counts, Ibid., 50, 413, 1935. 

5. Nussbaum, 8.: Schilling Hemogram; Its Application in Pediatrics, Arch. 
Pediat., 49, 207, 1932 

6. Osgood, E. E., and Baker, R. Erythrocyte, Hemoglobin, Cell Volume and 
Color, Volume and Saturation Index Standards for Normal Children of School Age, 
Am. J. Dis. Child., 50, 343, 1935. R 

7. Merritt, K. K., and Davidson, L. T. Blood During First Year of Life; Anemia 
of Prematurity, Ibid., 47, 261, 1934. 

8. Josephs, H. W.: Anemia of Prematurity, Ibid., 48, 1237, 1934. 


150 PROGRESS OF MEDICAL SCIENCE 


9. Abt, A. F.: Anemia of Premature Infants; Comparative Study of Blood Iron 
and Hemoglobin Values in Premature Infants, Ibid., 49, 1204, 1935. 

10. Parsons, L. G., and Smallwood, W. C.: Anzmias of Infancy and Childhood, 
Practitioner, 134, 298, 1935. 

11. Abt, A. F.: Diagnosis of Leukemia in Childhood, Pennsylvania Med. J., 
38, 389, 1935. 

12. Smith, C. A.: Hodgkin's Disease in Childhood; Clinical Study with Résumé 
of Literature to Date, J. Pediat., 4, 12, 1934. 

13. Givan, T. B., and Shapiro, B.: Agranulocytosis in Childhood, Am. J. Dis, 


Child., 46, 550, 1933. 
14. Greenwald, H. M.: Aplastic Anemia, Ibid., 47, 360, 1934. 


15. Cohen, P. Anemia of the Newborn and Erythroblastosis—Are They Insepar- 
able? J. Pediat., 7, 220, 1935. 

16. Andrews, H.S., and Miller, A. J Erythroblastosis in the New-born. Report 
of Four Cases, Am. J. Dis. Child., 50, 673, 1935 

17. Brown, 8. 8. Morrison, M., and Meyer, D. A. Anemia of New-born without 


Erythroblastosis; Observations at Autopsy, Ibid., 48, 335, 1934. 


PHYSIOLOGY 


PROCEEDINGS OF 
THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 


SESSION OF NOVEMBER 18, 1935 


A Study of the Average Temperature of the Tissues, of Heat Exchange 
and Vasomotor Response to Temperature by Means of a Bath Calo- 
rimeter.—A. C. Burton and H. C. Bazert (Laboratory of Physiology, 
University of Pennsylvania). A well-stirred “bath tub” was kept at 
constant temperature by a mercury-toluol regulator which periodically 
switched on an electrical immersion heater. A device using a self- 
starting synchronous motor (telechron) recorded the time the heater 
was “on” in any period of elapsed time. A subject was immersed to 
the neck and the bath was sealed by a layer of paraffin wax. Compari- 
son was made with control periods without the subject, and this enabled 
the heat given by the subject to the bath to be calculated. Rectal 
temperatures were electrically recorded continuously and oxygen con- 
sumption was measured by a Sanborn machine. Thermocouple meas- 
urements showed that the temperature of the surface of the body was 
within 0.1° C. of that indicated by the bath thermometer. Loss of 
heat from the head to the room was less than 10% of the total loss. 

Experiments with 16 different bath temperatures between 30° C. 
and 36° C. on one male subject showed: 

1. When the surface temperature changes by more than 1° C., the 
resulting changes in rectal temperature are totally inadequate to 
indicate the heat gained or lost by change of average body temperature, 
as measured by the calorimeter. A much better estimate was given 
by using the formula (previously developed by one of the authors): 

Average temp. = 0.65 X rectal temp, + 0.35 X surface temp. 

2. The heat production is better correlated with this average tem- 
perature than with the rectal temperature. There is a minimal meta- 
bolic rate in baths in which there are no hot or cold sensations. 

3. Raising the bath temperature by large amounts (greater than 
2° C.) leads to a temporarily reversed gradient in the superficial tissues, 
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with heat passing from bath to subject. The response of the rectal 
temperature to changes of bath temperature is greatly delayed and, 
when these changes are moderate, initial paradoxical changes of rectal 
temperature may occur. These are explained, with reference to a 
physical model, as due to reflex vasomotor changes in the effective 
thermal conductivity of the tissues. 

4. These vasomotor changes are able to keep the heat loss to the 
bath in the normal range when the difference between rectal tempera- 
ture and bath temperature varies between 1° C. and 4° C. A greater 
difference entails increased loss and the stimulation of increased heat 
production. The constancy of the heat loss is achieved by a change 
of the effective thermal conductivity of the tissues by a factor of about 
5 times. 

5. An increase in thermal conductivity is observed with temperature 
differences exceeding 4° C.; this develops with the onset of increased 
heat production. It depends, probably, on an increased blood flow to 
muscles, rather than on any skin hyperemia. 

Experiments on a second male subject gave concordant results, 
while those on a female subject showed considerable divergence. 


Further Studies on the Mechanism of Hypertension Following Intra- 
cisternal Injection of Kaolin. M1. A. Linpaver, W. A. JeFrERsS, and 
J. Q. GrirritH (Robinette Foundation, University of Pennsylvania). 
Six rats, made hypertensive by subtotal nephrectomy, were given 
0.05 mg. of ergotamin tartrate per 100 gm. of rat intraperitoneally. 
The results were inconstant. On the other hand, 13 rats, made hyper- 
tensive by intracisternal injection of kaolin and given the same dose of 
ergotamin tartrate, all showed rather marked initial falls in blood 
pressure, although some came back to their former level or even higher 
in a very short time. 

The carotid sinus reflex behaves in a normal manner in rats made 
hypertensive by the intracisternal injection of kaolin, 7. ¢., stimulation 
of the carotid sinus leads to a fall in blood pressure. 

The removal of circulating adrenalin from the blood stream by a 
right adrenalectomy and left splanchnic nerve section with enucleation 
of the left medulla causes a transient fall in blood pressure, but this 
fall is of the same order of magnitude as that seen in normal animals 
that have been trated in the same way. 


The Nature of Cell Permeability to Ammonium Salts.__M. H. 
Jacoss (Marine Biological Laboratory, Woods Hole, and Laboratory 
of Physiology, University of Pennsylvania). It has been shown by 
@Mrskov that the rate of osmotic hemolysis of erythrocytes exposed to 
NH,C1 solutions is enormously accelerated by the addition of small 
quantities of bicarbonates. It is believed by him that undissociated 
CQO, cannot be an important factor in producing this effect, because, 
among other reasons, of the fact that certain other weak acids, of which 
boric acid is the clearest example, do not behave similarly. It can, 
however, be shown theoretically that not all weak acids could be ex- 
pected to have this effect; boric acid happens to be a particularly 
unfavorable one. A much more suitable acid would be HeS, which in 
the magnitude of its dissociation constant and in the ability of its 
undissociated molecules to enter cells readily closely resembles carbonic 
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acid. It has been found that NaS does, in fact, approach NaHCO 
in its effectiveness in accelerating hemolysis by NHjCl; control experi- 
ments indicate that the formation of sulph-hemoglobin is not an 
important factor in producing this result. It has also been found 
that NH, benzoate and NH, salicylate have a remarkable power of 
reversibly inhibiting hemolysis by NH, salts of strong acids, in which 
presumably penetration of the cell by anions is involved, but that this 
effect is lacking in the case of the NH, salts of weak acids and in that 
of non-electrolytes. The fact that the bicarbonate effect on NH,C] 
hemolysis is not inhibited by the presence of benzoates and salicylates 
is perhaps further evidence of its essentially molecular nature. 


Relative Biologic Effectiveness of Roentgen Rays and Neutron 
Rays.—R. E. Zire (Eldridge R. Johnson Foundation, University of 
Pennsylvania). Recent developments in atomic physics, notably the 
discoveries of the neutron and of artificial radioactivity, promise to 
furnish powerful methods in biology and medicine. 

Experiments with neutrons (speedy, uncharged particles of mass 
equal to that of the ordinary hydrogen atom) have been carried out 
in the Radiation Laboratory, University of California, Prof. E. O. 
Lawrence, Director. One Roentgen (air ionization unit) of neutrons 
was found to be equivalent to 20 Roentgens of Roentgen rays in retard- 
ing growth in wheat seedlings. This difference in action between 
Roentgen rays and neutrons indicates an imperative need for a direct 
and complete investigation of neutrons as a technique for tumor therapy. 

The elements which can be made radioactive include many which 
are normal constituents of living matter. These promise to become 
valuable tools in following the movement and metabolism of substances 
in biologic systems. 

Nuclear chemistry, a whole new field dealing with the reactions of 
atomic nuclei, offers new methods of qualitative and quantitative 
analysis. The nuclear reactions of some elements are more character- 
istic and easier to measure than the ordinary, or electronic, reactions. 


Notice to Contributors.— Manuscripts intended for publication in the AMERICAN 
JOURNAL OF THE MEDICAL ScIENCES, and correspondence, should be sent to the 
Editor, Dr. Epwarp B. KrumpHaar, School of Medicine, University of Pennsylvania, 
Philadelphia, Pa. 

Articles are accepted for publication in the AMERICAN JOURNAL OF THE MEDICAI 
ScIENCES exclusively. 

All manuscripts should be typewritten on one side of the paper only, and should be 
_ double spaced with liberal margins. The author's chief position and, when possible, 
the Department from which the work is produced should be indicated in the subtitle. 
Illustrations accompanying articles should be numbered and have captions bearing 
corresponding numbers. For identification they should also have the author's name 
written on the margin. The recommendations of the American Medical Association 
Style Book should be followed. It is important that references should be at the end 
of the articles and should be complete, that is, author's name, journal, volume, page 
and year (in Arabic numbers). Titles can be included for less than 25 references. 

Return postage should accompany all manuscripts but will be returned to the 
author if the manuscript is accepted. 

Two hundred and fifty reprints, with covers, are furnished gratis; additional 
reprints may be had in multiples of 250 at the expense of the author. They should 
be asked for when the galley proofs are returned. 

Contributions in a foreign language, if found desirable for the JouRNAL, will be 
translated at its expense. 


